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Abstract 
This mixed methodology case study focused on the use of virtual manipulatives and 
technology in Grade 1 and Grade 2 number sense. This descriptive study examined the 
effectiveness of applet 1 0-frames lessons by comparing their use to other models. Data were 
collected from interviews, transcripts, checklists, and journal entries. Information revealed the 
number of times models were used and on students' attitudes and behaviours while using them. 
Student behaviours included time on task, repeated practice, the number of times students needed 
help, and how long it took to complete the tasks. Academic growths were measured using pre-
and post-assessments and performance tasks rubrics. Students' attitudes towards the use of 
technology, specifically netbooks and an interactive whiteboard were analyzed and presented. 
The results of this study suggest that the applet models can be as effective as their concrete 
counterparts, and the students in this study enjoyed using technology while learning 
mathematics. 
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Chapter 1: Introduction 
Teaching math to primary aged children can be challenging due to the fact that there 
are many literacy-based concepts that they are attempting to master. In addition, primary 
students are still developing control over their fine motor skills and many need repeated 
practice. Also many young students are struggling with articulation and the proper 
pronunciation of mathematical terms, and are reading them for the first time. Most 
promising practices embrace student-centred, hands-on approaches to learning concepts 
and strategies. 
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Van de Walle and Lovin (2006) stated that children learn mathematical concepts through 
the use of various tools, not by looking at models or by handling manipulative materials. They 
believe that tools help children work through problems or tasks, and make it easier for them to 
talk about their understandings, or ideas. They pointed out that younger children may find it 
more difficult to write down their thinking or talk about it, but they can show their thinking with 
the models or tools. Models or tools allow learners of all ages, ways to explore, think, and reason 
their way through the process of constructing and formulating mathematical concepts (Van de 
Walle & Lovin, 2006). 
Van de Walle and Lovin (2006) argued that virtual models or images are inexpensive, but 
no more conceptual than physical models. On the one hand, computer tools are no less effective 
at developing conceptual construction and formulations than physical models; on the other hand, 
they may be more effective at enhancing the learning process because they provide learners with 
support by using graphics, numbers, and words at the same time (Reimer & Moyer, 2005). 
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Significance of the Research 
Creswell (2008) argued that there are three types of research problem statements that 
justify an educational research project: personal experiences, experiences in the workplace, and 
suggestions made by other researchers. The justification for my study comes from the gaps in the 
evidence from other research literatures on the effectiveness of virtual manipulatives. There is a 
deficiency of research in many areas of mathematics regarding the use and effectiveness of 
virtual manipulatives with learners at any age. This study explored, described, and addressed 
such an area in primary number sense concepts. 
Much of the research on the effectiveness of virtual lessons carried out in the 1990s 
produced mixed results on student achievement (Reimer & Moyer, 2005). Since then, 
improvements in design and quality of virtual imagery and interactive interfaces have resulted in 
innovative games and technology tools that are available on the Internet. Research on the 
effectiveness of the uses of technology in education has been exciting and overwhelming, and 
has produced many positive results, especially in the areas of mathematics (Brooks, Lyon & 
Steen, 2006; Clements & Sarama, 2005; Heo, Suh, & Moyer, 2004, 2005). Many research 
studies that have focused on the effects that computer games have on learning have revealed 
positive results (Eid, 2005; Ke, 2008; Ke & Grabowski, 2007, Kebritchi, Hirumi & Bai, 2010; 
Sedig, 2008). Other research on the effectiveness of virtual manipulative lessons at any grade 
level is still relatively new, but growing (Brooks, Lyon & Steen, 2006; Heo, Suh, & Moyer, 
2004, 2005; Lee & Chen, 2010; Reimer & Moyer, 2005). 
Studies in the literature justify research problems that require further examination into the 
effectiveness that virtual manipulatives have on students' learning and understanding of 
mathematical concepts (Reimer & Moyer, 2005). Also researchers Brooks, Lyon and Steen 
(2006) recommended that future case study research be carried out to determine attitudes, 
behaviours, time on task, student interactions, and repetitions of practice activities using virtual 
manipulatives. Research studies have been conducted on the use of virtual manipulatives in 
geometry, fractions, algebra, patterning, and place value (Brooks, Lyon & Steen, 2006; Heo, 
Suh, & Moyer, 2004, 2005; Lee & Chen, 2010; Moyer, Niezgoda & Stanley, 2005; Reimer & 
Moyer, 2005). Nonetheless, there is a dearth of research literature in other areas of primary 
mathematics such as the use of virtual 10-frames in number sense. 
Purpose of the Study 
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The purpose of this research project was to allow me to examine and describe in-depth 
the use of technology with my students. Over the past four years I have been teaching 
mathematics using the Math Makes Sense (Pearson, 2007, 2008) programs for Kindergarten 
through to Grade 3. In Grades 1 to 3, there are a variety oflessons that use 10-frames to develop 
various number sense concepts and strategies. Program Line Masters can be used to make five-
and 10-frames cards. Counters are used with the large frames to build numbers. I have found 
these lessons to be very time consuming because using counters takes time to hand out the right 
amounts and to clean up afterwards. I often find myself picking up counters from around the 
room for days afterwards. The applets used in this study replaced the frame cards and the 
counters. The applet lessons follow the same format as the Math Makes Sense program for 
Grades 1 and 2, and are similar to lessons suggested by Small (2008) and Van de Walle (2006) 
using concrete materials. I examined my own practice using electronic representations for 
instruction and my students' learning in mathematics. The small number of students at the Grade 
1 and 2 levels allowed me the opportunity to carry out an in-depth case study on their 
achievement, attitudes and behaviours, time on task, interactions, and repetitions of practice 
activities. 
Lastly, I summarized the fmdings from this project to set direction for my students and 
myself, as I continued to develop and grow in a technological teaching and learning 
environment. This notion will be explored further in the final chapter of the project. 
Background of the Study 
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I teach in a small rural school in the north central part of British Columbia. All of the 
students at our school are bussed, and some of the students ride the bus for 45 minutes one way. I 
have 20 students ranging from Kindergarten to Grade 7. My class is composed of one full-time 
Kindergarten student, two Grade ls, two Grade 2s, five Grade 3s, two Grade 4s, four 5s, three 
Grade 6s, and one Grade 7 student. Nine of my students are girls and 11 are boys. 
The school has a digital camera and a video recorder. I have wireless networking, a class 
set of netbooks, one SMARTBoard with a mounted projector, a projector on a chart stand, and 
two laser printers. I have 1: 1 computing for each of my students and a SMAR TBoard for 
delivering instruction. I have many software programs such as Kidspiration 3 (Inspiration 
software, 2008), Kidspiration 2 (Inspiration software, 2005), Inspiration 2 (Inspiration software, 
2004), KidPix Deluxe 4 (Riverdeep Inc, 2003), and SuccessMaker (Pearson, 2011). 
Researcher Context 
As with most other educational research projects, I undertook the role of participant 
observer by conducting the research in this project, as well as participating by being the teacher. 
By taking on the roles of both the teacher and researcher, I was a natural participant (Creswell, 
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2008) using total participant observations, and data collection techniques. This is the highest 
level of involvement and usually comes about when the researcher studies something in which he 
or she is already a natural participant (Creswell, 2008). I gathered information on my teachings, 
and my students' learning within the context of my classroom. The bulk of the data collected 
were on my students' learning and use of strategies and skills. I included my methods of 
delivering instruction and the models used by my students as they were learning about number 
sense in mathematics. In-depth descriptions were recorded to achieve a level of transparency that 
would lead to transferability of the findings. Constructivism and social constructivism 
approaches are considered promising practices in mathematics. Discussions and reflective 
thinking are important aspects of constructivism and social constructivism. My lesson plans 
followed a constructivism format and allowed for discussions and interactions among my 
students. All lessons were videotaped and transcribed in detail. 
Conceptual Lens 
My conceptual lens was shaped by my beliefs, experiences, knowledge, assumptions, and 
theories about teaching and learning, and how knowledge is constructed. My personal biases are 
towards the uses of technologies in classrooms with all grade and age levels. I am very 
comfortable using technology, and I personally and professionally find many of its uses exciting 
and overwhelming because there are never-ending possibilities. This research project was 
important to me because the use of virtual technologies is increasing faster outside of classrooms 
than inside, and I am trying to meet the needs of today' s learners. Over the years, I have been 
increasing my use of technology with instruction, and most recently, by guiding my students 
toward a student-centred approach oflearning with technology by bringing in Web 2.0 Tools. 
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I have been teaching in the public school system of British Columbia for over 20 years. 
Although most of my teaching experiences have occurred in the elementary school grade levels, 
I have teaching experiences from Kindergarten to adults. Many of the promising practices I have 
learned are centred on student driven learning, metacognition, constructivism, assessment for 
learning, and differentiation in instruction. While these areas of teaching and learning are 
important, I am often left wondering what the role of technology plays in the teaching and 
learning process. While there have been many changes in Language Arts, Reading, Mathematics 
and assessment for learning, the most drastic changes have been in educational technologies. 
I have always had an interest and fascination with virtual and digital technologies. 
Throughout my teaching career I have used various technologies as tools for my students to 
enhance their learning at different grade levels and subject areas, and to enhance my role as 
teacher. My school and classroom have more technology available to each student than most 
other elementary classrooms in my district. With all of the technology that I have at my 
fmgertips, it is important to me that I deepen my understanding of technology use and continue 
to explore possible uses. 
My purpose for undertaking this educational research project was to examine an area of 
technology that I found interesting. Assuming the role of the researcher allowed me to actively 
seek out genuine understandings of how effective the lessons using virtual manipulatives were 
by studying the progress of my students. Observing and recording my students while they were 
learning enabled me to compare the effectiveness of the applets to other models and tools. 
Assessing my students' development in their understanding of concepts let me determine their 
growth or progress over the course of the study. Videotaped interview sessions elicited my 
students' opinions of these models and tools as they reflected upon their own learning. 
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Using an intrinsic and instrumental case study lens for mathematics and instructional 
technology research, the study described the complexity of the mathematical thinking and 
experiences of students utilizing virtual manipulatives while learning of number concepts. A case 
study focuses on a bounded system, under natural conditions, so that the system could be 
understood in its own habitat (Creswell, 2008). This study described technology use in my 
multi-grade classroom. Chapter 2, the literature review examined research that linked technology 
and pedagogy, and today's learner. This chapter also looked at studies that investigated 
technology and promising practices using constructivism approaches in mathematics. The 
findings of the literature review gave me a research based rationale for examining technology 
use, specifically the use ofvirtuallO-frame applets as visual models, in math lessons. Chapter 3 
outlined how students' learning and progress was collected by measuring their time on task and 
recording the number of times they repeated the practice activities, and the number of times they 
asked for help while learning number sense operations. The focus was on the learning and use of 
specific strategies while using various models and tools. Chapter 4 revealed non-experimental 
research data that described my students' progress, behaviours, and use of tools. The data 
collected provided insight into the effectiveness of using this technology with lower primary 
students. Chapters 4 and 5 provided discussions of the quantitative and qualitative data collected 
and of the applets models and technology used. 
Overview of the Project 
This project was a mixed methodology, educational research project that explored and 
examined promising practices of teaching and learning with technologies within education. The 
project focused mainly on the subject areas of mathematics. The intent of this study was to 
examine the use oftechnology and virtual guided and independent practice 10-frame lessons that 
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were created from Java Applets using Web 2.0 Tools. Data were examined to determine the 
effectiveness of the applet lessons at enhancing student learning by comparing it to other models 
and tools. 
In the study, I examined research linking technology and various aspects of education to 
develop a vision and rationale. By examining my own teaching and my students' learning and 
opinions through research I deepen my understandings about the learning environment I have 
created. My central research question was: How effective are virtual lessons designed using Java, 
and the use oftechnology in mathematics at enhancing students' learning? My intent was to 
examine six main areas, and the sub-questions (Janesick, 2004) that guided my study were as 
follows: 
• How effective are the applet 10-frame lessons used in teaching number sense 
strategies? 
• Was there improvement in learning outcomes for Grade 1 and Grade 2 number sense 
(British Columbia, Ministry of Education, 2000, 2003, & 2007) that were learned 
using the virtual images? 
• Did my students enjoy using the virtual tools when compared to other tools used in 
number sense? 
• Did my students enjoy the use oftechnology in their learning of mathematics? 
• Did my students enjoy the use of the interactive white board in their learning of 
mathematics? 
• Did my students enjoy the use of the netbooks in their learning of mathematics? 
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My research focused on the use of virtual 1 0-frame lessons with Grade 1 and Grade 2 
students in a multigrade classroom. The virtual lessons in this project were designed with a 
simple interface using Java Applets, but the mathematics concepts and strategies being 
represented were sophisticated. Developing early number concepts and number sense is complex 
and teachers must use a multifaceted approach to enable students to explore and form 
understandings of ideas and relationships (Small, 2008; Van de Walle & Lovin, 2006). Ten-
frame lessons are used to show relations of more, less, and same, and later these symbols are 
used:<,>,=, and i:- (Van de Walle & Lovin, 2006). Other ideas presented through the use of 10-
frames include: counting objects in sets, forming sets, and/or groups of 10 and skip counting, 
adding in remainders, recognizing 1 Os and ones, developing spatial relationships through 
patterned set recognition, and anchoring numbers to five and 10 (Small, 2008; Van de Walle & 
Lovin, 2006). Ten-frames are used to teach the addition of numbers using the making 10 
strategy, and/or counting on forward and back, using doubles and other related strategies (British 
Columbia, Ministry ofEducation, 2000, 2003, & 2007). Also 10-frames are used to aid children 
to see the relationships of numbers while learning basic addition and subtraction facts. 
Like concrete 10-frame lessons, students must work with the applets to accomplish different 
tasks. In order for students to become successful at understanding concepts in mathematics they 
must be involved and in engaged in activities that require them to think about the task rather than 
simply watch animation or play the type of games that essentially develop mouse or touch pad 
control. The problems are randomly generated, and students can practice the strategy or concept 
repeatedly. Thoughtful engagement with the task allows students to formulate strategies and 
discover relationships through electronic guided practice. The electronic images used are simple, 
yet appealing. Feedback is immediate in the form of a "yes" or "no," without correction. 
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Summary 
This project allowed me to plan a systematic inquiry into my practice as I brought about 
changes in my teaching through the use of Web 2.0 Tools. Using technology effectively within 
my teaching and with my students' learning is important to me because I believe that effective 
use of technologies can enhance teaching and learning for students of all ages. Through this 
educational research project, I gained insights into my own practice that will shape and guide me 
in the years to come. I collected data, analyzed the results, reflected upon the process and gained 
a better understanding of the impact that technology has had on my students' attitudes and 
abilities. While I measured my students' learning through the use of rubrics, demonstrations, oral 
assessments strategies, and checklists, I gained most of the data information through videotaped 
lessons, observations, and personal reflections. A mixed-models approach of collecting both 
quantitative and qualitative data were used to reduce the possibilities of my biases being 
reflected in my fmdings. Quantitative data were used for descriptive purposes; I shared any 
interesting findings, and I reported any significant fmdings. Nevertheless, the fmdings were not 
statistically valid and nor can they be applied to the greater population of Grade 1 and Grade 2 
learners. Further research would have to be conducted on larger populations using an 
experimental design. Qualitative research fmdings allowed me to build credibility, dependability, 
confirmability, transferability, and ensured rigor. 
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Chapter 2: Literature Review 
Chapter 1 set out the essential purpose of this project and described the background of the 
school and classroom composition where the study was conducted. The purpose of this project 
was to study and describe in-depth the use of technology and applet lessons as models for 
developing concepts and strategies in primary math. The lessons were specific to Grade 1 and 
Grade 2 number sense operations, and the applet lessons were compared to other models used in 
the units of study. 
This literature review examined some of the promising practices of using technology in 
education and mathematics. The research examined linked technology, pedagogy, constructivism 
approaches, virtual manipulatives, mathematics, and today's learner. I selected articles that I 
believed were related to my topic and would best enable me to answer my research questions. 
This review is organized into the following four sections: Technology and pedagogy and today's 
learner, Promising practices of technology in teaching and learning, Uses of technology in 
mathematics and constructivism approaches, and the Uses of virtual manipulatives in 
mathematics. The first three sections fall under the broader principles of technology and 
education and form a foundation of knowledge and understandings of learning with technology 
that provided incentive for this project. These areas of study provide relevant history of related 
research on pedagogy, technology, mathematics, and constructivism. The fourth section was 
specific to research on uses of virtual manipulatives in mathematics. The final purpose for the 
articles and books I had chosen for this literature review was to confirm, correct, validate, and or 
recalibrate my own fmdings. 
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Technology, Pedagogy, and Today's Learner 
This first section of the literature review relies on the works ofPrensky (2001, 2010) and 
Schrum and Levin (2009) to define the following terms: digital immigrants, digital learners, 
pedagogy, Web 2.0 Tools, and today's learner. Prensky (2001, 2010), Schrum and Levin (2009), 
and Tapscott (1998, 2008) have all published books detailing the needs oftoday's learner, and 
the roles that technology plays in their lives, and how technologies are shaping education for 
learners today. All of these authors draw upon a solid foundation of research into the uses of 
technology in education. Through these research findings, one gains a deeper understanding of 
today's learner, and the role technology plays in pedagogy and education. Research studies on 
the uses of technology in education, and pedagogy span beyond the last two to three decades. In 
addition to the authors already mentioned in this section, I examined current research and work 
conducted on technology and pedagogy with learners of all ages. Most of the studies found in 
this section examined the uses of technological games as pedagogy; however, there were some 
research studies specific to the use of virtual tools and pedagogy. 
Digital immigrants. The term digital immigrant was coined by Prensky (2001, 2010) and 
refers to those of us who were not born into the digital world, but have become fascinated by and 
adopted many or most aspects of the new technology that is widely available today. 
Digital learners or digital natives. Prensky (2001, 2010) defined the terms digital 
learners, also called, "digital natives" to refer to those, namely our students, who have grown up 
with computers, video games, and the Internet. Digital learners or natives are used to receiving 
global information almost instantly. Digital natives like to multi-task, and they are used to 
viewing graphics and reading less text. Digital learners or digital natives are used to being 
networked to friends, family, and others around the world. Today's digital learners prefer games 
to work. The terms digital natives or digital learners mean the same population that Tapscott 
(1998, 2008) called the net generation. 
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Pedagogy. Pedagogy is the practice of teaching, specifically the systematized learning or 
instruction concerning principles and methods of teaching. Today's pedagogy refers to both 
understanding the roles that technology plays in the daily lives, and in educating students of the 
21st century (Schrum & Levin, 2009). Schrum and Levin (2009) stated that to be literate in the 
21st century means knowing more than just how to read and write, it means knowing how to use 
information literacy, critical media literacy, information, communication, and technology in 
every subject. 
Web 2.0 Tools. Web 2.0 Tools as defined by Schrum and Levin (2009) began in 2004 to 
describe the new features of the Internet, specifically, ways people can create, use and share 
resources on the Web personally, professionally, for education and business purposes. Web 2.0 
Tools refers to "second generation of the Internet" (2009, p. 48). Web 2.0 Tools consist of 
networked tools such as wikis, blogs, Face book, Twitter, and other tools such as software, or 
interactive sites (Schrum & Levin, 2009). Many of these tools are available for free to the user, 
and these tools can support the types of 21st century skills our students need (Schrum & Levin, 
2009). 
Today's learner. Prensky (2010) stated that when implementing educational reform 
from Kindergarten to 12, teachers must be supported by helping to change their pedagogy in 
ways that are more effective for 21st century students, and by advocating for a change to a 
passion led, problem solving methodology based curriculum. He advocated for using student 
centred approaches where teachers partner up with their students in the learning and teaching 
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process. Teachers initiate dialogs with students about the learning and teaching process (Prensky, 
2010). Prensky (2010) refers to this process as partnering pedagogy, the student uses technology 
with the teacher guiding the students through personalized, self-directed learning. Prensky 
described his new vision for the learning process by keeping in mind that the children of today 
are experiencing life and education very differently than generations past (2010). Prensky (2010) 
stated that teachers can more effectively motivate children through their passion of technology 
through games, Internet, and cell phones. Prensky (20 1 0) details ways in which partnering 
pedagogy can lead teachers to reach their students today, and help them to enjoy learning 
through using the very same technologies that the students are already using in the real world 
outside of school. 
According to Schrum and Levin (2009) instructional leaders must have a vision for 
meeting the needs of their students that goes beyond their years in school. They further argued 
that instructional leaders develop and implement an understanding of the roles technology and 
the Internet plays in educating 21st century students (Schrum & Levin, 2009). Other researchers 
in the field of education speak to the importance of instructional1eaders having a clear vision to 
improve the life chances of students through a global educational framework (Fullan, 2007; 
Kaser & Halbert, 2009). Schrum and Levin (2009) relied on Pullan's (2001, 2008) research on 
understanding and supporting changes in education. They suggested several ways instructional 
leaders can lead others by building a school culture that promotes student achievement for all 
learners while developing relationships within the school and beyond, to learning with others in 
the global community in collaborative fashions. The technologies that Schrum and Levin (2009) 
focused on used Internet Web 2.0 Tools in ethical and appropriate ways that support teaching 
and learning across curriculum, age levels, and involve other people worldwide. 
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Understanding today's students and teachers is a vital key for instructional leaders if they 
are to become more effective at providing support and direction to others when implementing 
change, and improving student achievement. Schrum and Levin (2009) drew on Prensky' s 
(2001) research on understanding today's students. Today's students live in a world where things 
change rapidly, daily and exponentially, and therefore, today's teachers must teach with the 
future in mind (Prensky, 2010). Effective teaching still requires more than ever that teachers 
promote learning using the tools of technology in meaningful and challenging ways, meeting the 
needs ofthe next generation of students (Prensky, 2010). The ubiquitous nature oftechnology 
requires that effective instructional leaders offer continuous support by providing on-going 
professional development, mentoring, role modelling, collaboration, and respect to empower 
teachers integrating new technologies into their practice (Schrum & Levin, 2009). 
Tapscott (2009) conducted a four million dollar research project and produced over 40 
reports on today's learners, whom he refers to as the Net generation. To date, he has surveyed 
more than 10,000 young people between the ages 12 to 32 in Canada and the United States. 
Tapscott (2009) interviewed 5,935 people with online questionnaires, between the ages 16 to 29 
in 12 different countries around the world. He interviewed people from Brazil, Canada, China, 
France, Germany, India, Japan, Mexico, Russia, Spain, the United Kingdom, and the United 
States (2009). Eight hundred people between the ages 31 to 41, 800 between the ages 42 to 61 · 
from Canada and the United States were included in his studies (Tapscott, 2009). Samples were 
composed of randomly selected Internet users (Tapscott, 2009). 
Tapscott's (1998, 2009) fmdings describe how the Net generation is changing the world; 
he claims that their brains are getting faster at processing images. About 45% of the populations 
ofthe United States are children growing up, or who have grown up, surrounded by digital media 
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in their daily lives (Tapscott, 2009). Almost 14 % of our preschoolers and elementary school age 
children are part of the Net generation (Tapscott, 2009). Almost 30% of the net generation, is 
composed of 12 to 32 year olds (Tapscott, 1998). The purpose of Tapscott's books are to help 
older generations of teachers understand how this new generation of children learn so they can 
relate to them better, and teach to them more effectively, using technologies (1998, 2009). 
Tapscott describes the Net generation as the smartest generation ever and a powerful force for 
change. As students they are going to alter education because they are having a tremendous 
impact on classroom practice (2009). 
Technology and pedagogy. Ke (2008) argued that over two decades, educationalists 
discussed the potential that exists for the application of computer games to learning. In spite of 
the literature that heralds educational potential of computer games, the empirical evidence did 
not clearly establish improved learning outcomes for game based activities. Ke (2008) conducted 
a mixed model study which examined the use of computer games within different classroom 
situations: cooperative, competitive, or individualistic goal structure. The study investigated 
computer games as planned applications, and pedagogical instruments integrated into the 
classroom situation (Ke, 2008). Ke (2008) focused on the interaction between alternative 
learning applications, computer games, and paper and pencil drills with Fifth Grade 
mathematical learning outcomes. Student gender, socio-economic status, and math ability were 
used as moderating learner characteristics variables. The following three questions were the 
focus of the study: 
• Will computer games, in comparison to paper and pencil drills, be more effective in 
meeting math learning outcomes? 
• Will alternate classroom goal structures influence the effects of computer games and 
conventional drills on math learning outcomes? 
• Will learner characteristics mediate the interaction between learning applications and 
classroom goals structures? 
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Four hundred eighty.:.seven students from 18 Grade 5 public school classes in four rural 
school districts in central Pennsylvania volunteered for this study program. Students were from 
different socio-economic backgrounds, and prior math ability levels: 49 percent were female, 38 
percent were of low socio-economic backgrounds, 23 percent were of low basic math ability, 20 
percent were basic, 34 percent were proficient, and 23 percent were advanced. Using a pre- and 
post-test quasiexperimental design, Ke (2008) used criterion measures, field observation notes, 
and selected students' think aloud comments provided by qualitative data as secondary modes of 
data collection. Ke (2008) studied four of the mathematics strategy problem solving games 
called, ASTRA EAGLE, a series of web based educational games developed by the school 
district. The games included a variety of cognitive tasks with math concepts and skills, such as 
measurement, whole numbers, mapping coordinates, and simple equations. The paper and pencil 
drills used the same questions as the games; they were game question print-outs. Ke (2008) 
findings revealed that computer games when compared to paper and pencil drills were 
significantly more effective in promoting learning motivation, but not significantly different in 
facilitating cognitive math test performance, and metacognitive awareness. In addition, 
cooperative goal structures significantly enhanced the effects of computer games on the attitudes 
towards mathematics. The students found the paper and pencil drill boring (Ke, 2008). Ke (2008) 
concluded that educators must take a close look at the objectives of the games, and the 
transferability of the skills and concepts learned through them. 
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Ke and Grabowski (2007) examined the effects of game playing on students' 
performance and attitudes towards mathematics. One hundred twenty-five Grade 5 students from 
public school classes in central Pennsylvania participated in the program. Participants varied in 
their gender, socioeconomic backgrounds, race, and ability levels in mathematics. The 
researchers argued that the main purpose of this study was to examine whether computer games 
and cooperative learning could be used together to enrich Kindergarten to Grade 12 mathematics 
education (Ke & Grabowski, 2007). Using a pre- and post-test experimental design, they looked 
at the effects of cooperative game playing compared to the interpersonal competitive game 
playing, and control groups. Their study program employed a cooperative learning structure 
known as Teams-Games-Tournament designed by Devries and Slavin (1976). ASTRA EAGLE, a 
series of web based computer games was used. These games were single user strategy games that 
required thinking and problem solving. The games contained problems that covered concepts and 
skills in measurement, whole numbers, simple equations, and mapping coordinates. Ke and 
Grabowski (2007) used a web based, 30 item, multiple choice Game Skills Arithmetic Test to 
measure mathematic skills that the games reinforced. Tapia's Attitudes Towards Maths Inventory 
was also used, had 40 items investigating students' self-confidence, value, enjoyment, and 
motivation towards mathematics. Students played the games in their own classrooms using 1: 1 
laptops with wireless Internet connections for 40 minute periods. According to Ke and 
Grabowski (2007) the findings revealed that math games playing did support test based cognitive 
learning achievement. Ke and Grabowski (2007) concluded that cooperative game playing was 
most effective for promoting positive mathematics attitudes regardless of students' individual 
differences. 
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Kebritchi, Hirumi, and Bai (20 I 0) conducted a mixed model study to examine the effects 
of modem mathematic computer games on mathematic achievement and class motivation. The 
researchers argued that instructional games create a new learning culture that better corresponds 
with students' habits and interests, and more importantly, instructional games are thought to be 
effective tools for teaching difficult and complex procedures (Kebritchi, Hirumi, & Bai, 20 I 0). A 
total of 193 students and I 0 teachers from an urban high school in the southeast of the United 
States participated in the program. Teachers were randomly assigned to either the treatment 
groups or the control group. One hundred seventeen students were in the treatment group and 76 
students were in the control group. Quantitative pre and post-testing, and qualitative interviews 
formed the data. The data were used to answer the following research questions: 
• What effects do DimensionM games have on the students' academic mathematics 
achievement, as measured by the school district-wide benchmark exams? 
• What effects do DimensionM games have on students' motivation as measured by 
motivation survey, developed based on Keller's ARC model (1987)? 
• How do individual differences of prior knowledge, computer experience, and language 
background affect students when using DimensionM game? 
The set of mathematical games called DimensionM, an on-line teaching module, 
consisted of lesson plans and resources. DimensionM teaches PreAlgebra and Algebra I by 
having the players complete mathematic missions within a three dimensional virtual environment 
with advanced graphics. Kebritchi et al. (2010) concluded their fmdings by stating that the 
DimensionM games had a significant positive effect on students' mathematics achievement. 
Students who played the games scored significantly higher on the district wide math benchmark 
exam than students who did not play the games (Kebritchi et al., 2010). Both the treatment and 
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control groups showed gains from the pre-test to the post-test (Kebritchi et al., 2010). Kebritchi 
et al. (2010) research findings provide evidence that some games go beyond drill and practice, 
and are capable of raising student achievement. 
Lazakidou and Retalis (2010) preformed a mixed method study to investigate the 
effectiveness of using a technology enhanced instructional model for developing higher order 
thinking skills during a problem solving activity. The purpose of their study was to see if 
students' experiences of problem solving can be reinforced so that the students attain self-
regulation skills. Lazakidou and Retalis (2010) argued that solving problems is considered a very 
important learning activity concerning all grades of education from primary to tertiary education. 
Problem solving skills are associated by thinking strategies which are cultivated during the 
investigation of the problem following the problem solving steps. Teaching thinking strategies 
such as metacognition and self-regulation are important to the development of problem solving 
skills. They used Sternberg's model of problem solving which was based on Zimmerman's 
principles for self-regulated learning (Lazakidou & Retalis, 2010). Six steps of problem solving 
were taught to students who were motivated to use it through a collaborative problem solving 
activity with semi-structured guidance before attempting individual problem solving. Twenty-
four Grade 4 students, 15 girls and nine boys, from a rural region of Greece participated in this 
study. The study was conducted over a two month period. Ten problem solving scenarios were 
designed. Two hour lessons familiarized students with the tools of Synergo and LMS Moodie. 
Students had no other previous experience with computers. Lazakidou and Retalis (20 1 0) 
investigated the following five assumptions about the proposed instructional method: (a) it 
improves students' performance, (b) it decreases the duration of a problem-solving activity, (c) it 
increased the use ofmetacognitive strategies during a problem-solving activity, (d) it results in 
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self-regulative problem solving, and (e) it was considered easy, flexible and usable by the teacher 
(Lazakidou & Retalis, 2010). Lazakidou and Retalis (2010) administered pre- and post-tests of 
four mathematical problems. Pre- and post-tests had the same structure and followed the same 
format as the lessons. The pre and post-tests means were compared, and they were statistically 
significant, -3.5 to -1.3, an increase of2.4 (Lazakidou & Retalis, 2010). Repeated measures 
using ANOVA confirmed that students' performance improved over the 10 sessions (Lazakidou 
& Retalis, 201 0). Students were interviewed to reveal their metacognitive aspects of their 
thinking processes (Lazakidou & Retalis, 2010). Lazakidou and Retalis (2010) concluded that 
students became faster at solving the problems, even though the problems became increasingly 
difficult. Lazakidou and Retalis (2010) findings are limited in that the sample size is too small to 
generalize. Their study does provide evidence that technology can enhance the learning of 
mathematics and allow for the development of students' metacognitive and self-regulation skills 
(Lazakidou & Retalis, 201 0). 
Sedig (2008) investigated whether, and how games can be designed to help children learn 
mathematics in enjoyable and motivating ways. Sedig (2008) argued that motivation and context 
are central to learning mathematics; and that there is suggestive evidence that games and play 
have a more positive effect on motivation and retention of knowledge than conventional 
instruction. Sedig (2008) contends that there are three types of computer mathematical games: 
drills, simulations, and hypermedia. According to Sedig (2008) many of the existing games do 
not seem to take advantage of the computer medium to engage children in deep, thoughtful 
learning of mathematics. Nevertheless, Super Tangrams is a game based learning environment 
whose objective is to engage children in thoughtful learning of transformational geometry 
concepts in an enjoyable way. Sedig (2008) study detailed the goals of the game, how to play it, 
22 
and the game design strategies that are meant to prompt higher level thinking. A mixed method 
research approach was used to evaluate Super Tangrams both quantitatively and qualitatively to 
determine its effectiveness for learning and motivation (Sedig, 2008). Fifty-eight Grade 6 
students from an upper-middle-class Canadian school were studied (Sedig, 2008). Three classes 
participated in this study. None of the students had used Super Tangrams before. The control 
group consisted of 20 Grade 6 students from another school. Two sources of data were used in 
this study, a quasi-experimental non-equivalent pre- and post-achievement test, and a design 
questionnaire. Students worked in partner situations in the computer lab and shared a computer. 
The post-test was given after 10 lessons, and the data were analyzed to answer the following 
research questions: 
• Whether it is possible for children to learn nontrivial mathematics in the context of game 
based learning environments? 
• Whether the design strategy that was used in Super Tangrams makes this learning 
possible? 
• Whether children enjoy learning mathematics in such contexts? 
Sedig (2008) concluded that all three treatment groups showed improvement. Motivation results 
showed that the students thought that they had learned quite a bit, and felt positive about learning 
transformational geometry through this game. Sedig (2008) discussed four limitations of this 
study. One, the study only examined one game, Super Tangrams. Two, the mathematics concepts 
focused only on transformation geometry. Three, the students worked in pairs. Four, the students 
in the treatment groups all came from the same school, but each group had a different teacher. 
Nonetheless, this study serves as further evidence that higher level mathematics can be learned 
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through the interaction of virtual mathematical representations using a game format (Sedig, 
2008). 
Clements and Sarama (2005) studied research fmdings on what is appropriate for young 
children using technology in mathematics in three areas. They summarized research on issues 
regarding the social and emotional development of young children and the educational 
implications of uses of technology in mathematics using drill and practice, virtual manipulatives 
and Turtle Geometry. Clements and Sarama (2005) stated that the use of technology can make 
significant differences for young children learning mathematics depending on the types of 
technology used. They began by examining research findings on the use of computer assisted 
instruction, better known as drill and practice. Computer assisted instruction has been well 
researched over the past 30 years and findings have shown that children, even preschoolers can 
attain significant gains after 10 or 20 minutes of daily practice (Clements & Sarama, 2005). 
Nevertheless, drill and practice is not considered a promising practice for learning concepts and 
skills in mathematics regardless if it is done on a computer or with pencil and paper (Clements & 
Sarama, 2005). 
Clements and Sarama (2005) examined computer manipulatives that represented place 
value blocks. They concluded that using computer manipulatives had many advantages such as 
the work could be saved and worked on over a longer period of time, and that children enjoyed 
the playful quality of the virtual representations (Clements & Sarama, 2005). 
Clements and Sarama (2005) studied Turtle Geometry and Piaget's theory that children 
learn about geometric and spatial relationships best through bodily movements. Turtle Geometry 
was invented by Seymour Papert in 1980, to help children conceptualize the degrees of turns and 
angles (Clements & Sarama, 2005). After reviewing research conducted over the past 25 years, 
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Clements and Sarama (2005) concluded that primary children that learned Logo or the Geometry 
Turtle made double the gains than control groups in understanding concepts, reasoning, and 
problem solving. The fourth area that Clements and Sarama (2005) examined was the use of 
technology and the social and emotional development of young children. Since the early 1980's, 
researchers have studied whether using educational computer programs would isolate children 
and have negative effects on their emotional development (Clements & Sarama, 2005). Clements 
and Sarama (2005) concluded that technology can instigate collaboration as children help each 
other, or build upon each others' ideas, and social interaction increases. Studies also revealed 
that most of the social interactions of children on the computers are positive (Clements & 
Sarama, 2005). Clements and Sarama (2005) contended that technology can enhance and support 
children's learning in mathematics at any age provided that the teachers are making the best use 
of the technology. Student centered approaches, open ended programs, and problems, time given 
for reflection and metacognition, and questioning techniques are all necessary when using 
technology successfully with learners of all ages. 
Promising Practices of Technology in Teaching and Learning 
Looking for the most promising practices of technology in teaching and learning is a very 
broad topic, and it is difficult due to the very fluid nature of rapidly changing technologies today. 
Therefore, my study examined research findings on the effectiveness of interactive whiteboards, 
and computers, because these are similar to the technologies that I use in my classroom. In 
addition, I examined research studies that were specific to the mathematics curriculum areas. 
Much of the research that has been carried out on the effectiveness of using interactive 
whiteboards to enhance instruction and learning comes from the United Kingdom. Gillen, 
Staarman, Littleton, Mercer, and Twiner (2009) investigated pedagogic practice around 
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interactive whiteboards in British primary classrooms. Swan, Schenker, and .Kratcoski (2008) 
examined the effects of the use of interactive white boards on student achievement. Wall, 
Higgins, and Smith (2005) researched pupil views of teaching and learning with interactive 
white boards. Wood and Ashfield (2008) conducted research on the use of the interactive 
whiteboard for creative teaching and learning in literacy and mathematics. Other current articles 
that deepen one's understanding on the effectiveness of the technological learning environment 
come from large scale research studies in the United States and Canada. These findings are 
revealed in the following studies by Bebell (2005); Kitchenham (2008); Livingstone (2006); and 
Jeroski (2005, 2006). 
Interactive whiteboards. Gillen, Staarman, Littleton, Mercer, and Twiner (2007) 
conducted a case study that investigated the claims that policymakers and manufacturers made 
on the use of interactive white boards as transforming teacher practice and raising student 
achievement. Gillen et al. (2007) examined how interactive whiteboards influenced pedagogic 
practices, communication, and educational goals in elementary schools in the United Kingdom. 
The data collected was used to answer the following five questions: 
• What ways did the interactive whiteboards function as a communicative and pedagogic 
tool in the teacher-pupil interactions? 
• What ways do the well documented features of normal classroom interaction appear 
changed by the use of this new technology? 
• How does the use of interactive white boards appear to encourage or discourage the active 
participation of children in lessons? 
• What distinctive ways is the interactive whiteboard used to build a frame of reference 
between teacher and students to build common knowledge? 
• To what extent the valuable affordances of the interactive whiteboards are, or are not, 
used by teachers to purse their pedagogic goals? 
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Observation and interview data were obtained from four teachers from urban elementary schools 
in southern England. Each teacher was videotaped giving lessons on math and science. There 
were 16 lessons overall involving students aged seven to 11. All four teachers were interviewed 
on what they saw as the advantages and disadvantages of using interactive whiteboards in 
delivering whole class direct instructional lessons. Gillen et al. (2007) research findings included 
the following: 
• teachers used the interactive whiteboards to produce lessons that were fun, lively, varied, 
complex, personal, and more authentic; 
• the teachers used the technology in a way that required the learners to think about what 
they were going to do; 
• use of the interactive white boards increased the speed and smoothness of lessons and 
presentations; and 
• teachers were able to use a combination of innovative styles of presentations and 
multimodal information (Gillen, Staarman, Littleton, Mercer, & Twiner, 2007). 
However, the researchers in this study also concluded that the use of interactive white boards did 
not transform teaching in terms of dialogue and pedagogy, and that teachers must be careful not 
to limit teacher-pupil dialogue because of the speed in which interactive white boards can 
increase the pace oflessons (Gillen et al., 2007). 
Smith, Hardman, and Higgins (2007) conducted a study to examine the impact of 
interactive whiteboards on teacher-pupil interaction in the National Literacy and Numeracy 
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strategies. The researchers investigated the impact interactive whiteboards have in promoting 
classroom interactions with boys in particular (Smith, Hardman, & Higgins, 2007) stating that 
there was a lack of observational evidence to support claims about the benefits of interactive 
whiteboards in encouraging boys to participate more. Smith et al., (2007) examined the data to 
describe the situation with regard to gender differences in classroom interactions from 2003, with 
a sample of teachers who were not using interactive white boards, and comparing the findings to 
the short term and longer term impact of interactive whiteboard use upon gender differences in 
classroom interactions with the same group of teachers, only this time using the technology in 
their lessons (Smith et al., 2007). Overall findings indicated that boys tended to dominate 
classroom interactions in terms of frequency in both classroom lessons, with and without the use 
of interactive white boards, but this dominance was disproportionately stronger in classroom 
lessons that used the technology (Smith et al., 2007). There was no difference in gender with the 
measures of the length of classroom interactions. Smith et al. (2007) stated that teachers must 
become more aware of the possibilities of gender inequality when using interactive technology in 
lessons. Teachers must become more reflective of their own practice, and make sure they are 
addressing gender imbalances when interacting with students during lessons and presentations. 
When developing and implementing new ideas and lessons using interactive technologies 
teachers must actively involve all students. 
Smith, Hardman, and Higgins (2006) conducted a study on various aspects of interactive 
whiteboards used in literacy and numeracy whole-class instruction. Smith et al. (2006) stated that 
there is a lack of observational evidence to support claims about the pedagogic benefits of 
interactive white boards in promoting teacher-student interactions. Their study was part of a 
national pilot project where interactive white boards were installed in Year Five and Year Six 
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classrooms in 12 to 15 schools in each of six districts in the United Kingdom (Smith, Hardman, 
& Higgins, 2006). Their research examined the impact of interactive white boards on classroom 
interactions, teachers' perceptions, students' attitudes, and attainment (Smith et al., 2006). Data 
consisted of a series of structured observations, teacher and student interviews, teachers' weekly 
records of interactive white board use, and national Key Stage 2 test scores (Smith et al., 2006). 
Smith et al. (2006) focused on the observational aspect of the larger project and four major 
research questions were used: 
• To what extent are there differences in classroom interaction when a teacher uses an 
interactive whiteboard compared to when they do not? 
• Is there an interaction effect with subject area literacy/numeracy? This question was also 
researched in 2003, so baseline data were collected for the next question. 
• The interactive white boards were newly integrated into the classroom in 2003: would an 
extra year with an interactive whiteboard change classroom interaction in any way? 
• Are there any observable differences in classroom interaction between Year Five and 
Year Six students, when an interactive white board is being used? 
The base line data collected in 2003, consisted of 114 Year 5 lesson observations of 30 teachers: 
18 females and 12 males (Smith et al., 2006). Most teachers were observed four times: once 
teaching a lesson in numeracy with an interactive whiteboard and once without, and once 
teaching a lesson in literacy with an interactive whiteboard and once without (Smith et al., 2006). 
In 2004, the researchers observed 70 lessons, giving a total sample size of 184 lessons. Fifteen of 
the 30 teachers observed had been observed the year before, but of course they were teaching 
different students the following year. Observations were made using a computerized observation 
schedule; a continuous sampling method was used. A handheld devise using the observer 
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software was used to record data gathered. It recorded teacher-student interactions, types of 
questions asked, types of answers given, and other responses given, including choral responses 
and student gender. In their findings, Smith et al. (2006) claimed that interactive whiteboard 
lessons consisted of more whole group teaching and less of group work than non-interactive 
whiteboard lessons for both numeracy and literacy lessons. The interactive whiteboard lessons 
had significantly more open ended questions, answers from students, and evaluations. Interactive 
whiteboard lessons tended to have a faster pace, an increase of 16 percent. The frequency of 
answers in interactive whiteboard lessons was higher, but the answers were briefer. The 
researchers concluded that interactive whiteboards are having some impact, but they do not 
suggest a fundamental change in teachers' underlying pedagogy (Smith et al., 2006). Interactive 
whiteboards may be a useful tool for presenting lessons; the technology itself does not bring 
about fundamental change in the traditional patterns of whole class teachings (Smith et al., 
2006). Claims by the advocates of interactive whiteboards as having extensive impacts by 
promoting high quality dialogue, discussion, and raising inclusion, understanding and learning 
performance was not fully supported by this research. 
Smith et al. (2006) study provided some insight as to how teachers might be able to make 
better use of this technology through a process of collaboration, where teachers observe and 
coach one another while trying out new practices and ideas. Teachers require more time and 
support in order to change traditional patterns of whole class direct instruction using interactive 
technology to increase active student interactions during lessons and presentations. 
o Swan, Schenker, and Kratcoski (2008) conducted a study to determine whether 
the use of interactive white boards in English/ language arts and/or mathematics 
lessons improved student achievement in the United States. They investigated the 
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following claims that the use of interactive whiteboards: (a) is more engaging for 
learners, (b) they are more motivated to learn, (c) the lessons are more student-
centred than traditional lessons, and (d) that this new technology leads to higher 
student achievement (Swan, Schenker, & Kratcoski, 2008). The researchers 
examined the reading and mathematics achievement text scores of all students in 
Grades 3 to 8 in a small school district in northern Ohio (Swan et al., 2008). 
These test scores were compared between students whose teachers used 
interactive whiteboards for instruction with those students whose teachers did not 
use this type of technology in their instruction. The research questions used were: 
• Do students whose teachers use interactive whiteboards to assist math or 
reading/language arts instruction perform better academically (on standardized tests of 
mathematics and reading achievement) than those who do not? 
• Among classes where interactive whiteboards were used, were there differences in usage 
between classes whose average test scores were above grade level means and those who 
were not? 
The researchers examined 11 elementary schools, three junior high schools, and one alternative 
school (Swan et al., 2008). A large portion of the student population was achieving below grade 
level, one-third of the students are minorities, and eight percent lived below the poverty line. Of 
the teachers using interactive whiteboards, Swan et al. (2008) reported that the teachers used 
them an average of three times per week in math and reading. Interactive whiteboards were used 
more frequently in the elementary grade levels than in the later grades for both math and reading. 
Scores of students whose teachers used interactive white boards were compared to the scores of 
students whose teachers did not use this technology. Data on teachers' use of interactive 
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whiteboards was obtained through an online survey completed on a weekly basis for a period of 
10 weeks by teachers using interactive whiteboards from February 2007 to April2007, in math 
and reading/language arts. A total of 142 teachers responded between 30 and 67 times a week. 
Swan et al. (2008) findings revealed that teachers used interactive whiteboards more often for 
instruction in mathematics than in reading/language arts, and that students' test score were higher 
for those whose teachers used interactive whiteboards (Swan et al., 2008). Tests scores were 
slightly higher for reading/language arts, and significantly higher in mathematics (Swan et al., 
2008). 
This research study provided evidence to support the use of interactive white boards as 
valuable tools for teaching mathematics to elementary students, and that this technology may be 
responsible for increasing student achievement depending on how it is used. This study does not, 
however, examine in detail how teachers make effective use of white boards. It did mention that 
in the classes with the higher test results, teachers stated that they encouraged students to actively 
participate during lessons, and that they used this technology more in problem solving lessons, 
and on the visualization of concepts, and processes (Swan et al., 2008). In addition, this study 
revealed those students' whose teachers used the interactive whiteboards more often to teach 
math through teacher-directed lessons, and Internet games sites scored at or below the mean 
(Swan et al., 2008). 
Wall, Higgins, and Smith (2005) used a mixed method design to gather data on pupil 
views of the use of interactive white boards on teaching and learning by having students engage 
in metacognition approaches. Research was carried out in six districts throughout England, and 
in 12 different elementary schools that were engaged in an interactive whiteboards project for 
over a year (Wall, Higgins, & Smith, 2005). The main research study consisted of real time 
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computerized coding of observational data, video analysis, teacher and student interviews, and 
online student attitude questionnaires (Wallet al., 2005). The method that was used to collect 
information from children about their metacognitive processes consisted of using Bubble 
Dialogue template. The Bubble Dialogue template was based on the work of McMahon and 
O'Neill (1992) using speech and thinking bubbles to support discussion and thoughts. Students 
used the Bubble Dialogue to share their thoughts on the use of interactive whiteboards in the 
process of teaching and learning. Researchers found that this method helped to overcome any 
tensions between the interviewer and interviewee (Wallet al., 2005). Students working in groups 
of four to six responded by writing their thoughts and beliefs in speech and thinking bubbles on 
the advantages and disadvantages of interactive white boards, and the subject differences in their 
use. Eighty students completed the interview templates, and their responses were broken down 
into 1568 individual statements (Wallet al., 2005). Eight hundred eighty-three were positive, 
494 were neutral, and 191 were negative (Wallet al., 2005). The most noticeable findings across 
the positive statements included the following: (a) the majority of students perceived that 
interactive whiteboards initiated and facilitated their learning, (b) increased their understandings, 
thinking processes, and concentration, (c) made games more motivating and fun, and (d) the 
subject area that students commented most positively on was mathematics (n=84) (Wallet al., 
2005). Out of the negative comments, two areas stood out the most: (a) frustrations over 
technical difficulties, including the need to recalibrate in the middle of lessons; and (b) pupil 
participation in lessons where students are called up to interact with the board, students 
complained that there were insufficient opportunities for everyone to have a turn (Wallet al., 
2005). The overall conclusions made by the researchers were that students viewed interactive 
whiteboards as having a positive impact on their learning and thinking, especially in the area of 
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mathematics (Wallet al., 2005). Using interactive whiteboards in thoughtful ways can become a 
powerful teaching tool in all subject areas, especially in mathematics. 
Wood and Ashfield (2008) conducted a case study to examine ways in which interactive 
whiteboards support and enhance pedagogical practices in literacy and numeracy while using 
whole class, direct instructional methods of teaching. Their study was conducted in England, at a 
time in which the government had placed emphasis on creative and cultural education (Wood & 
Ashfield, 2008). Between September 2003 and January 2004, 50 million pounds were made 
available to schools wishing to purchase interactive whiteboards. The researchers were interested 
in how these new technologies were being integrated in classrooms, and whether their use 
supported and enhanced creativity through whole class lessons (Wood & Ashfield, 2008). Their 
study consisted of 10 observations of whole class lessons, five in literacy, and five in 
mathematics, in five different primary schools (Wood & Ashfield, 2008). Qualitative data were 
obtained through interviews with the class teachers and focus group discussions with students on 
their perceptions towards the use of interactive white boards. Both researchers recorded their 
observations independently of one and another. Observational data were placed under three 
headings: Distinct characteristics of technology, Enhanced learning experience, and Maintaining 
attention. 
The major findings included the following: (a) 75 students out of 137 had opportunities to 
use the interactive white boards during lessons, (b) vast range of software and digital resource 
materials were used, and (c) some teachers used commercial lessons while others created their 
own. The researchers presented the following two main arguments: One, there is a difference 
between teaching creatively and teaching for creativity. Two, use of interactive whiteboards 
increased the speed, capacity, and enhanced the delivery of lessons, but the skill and knowledge 
of the teacher was critical to the development of creative responses from the learners (Wood & 
Ashfield, 2008). Wood and Ashfield (2008) concluded that it is not the fact that integrating 
technology into lessons that supports and enhances pedagogy, but how teachers use this 
technology in direct, whole class instruction. 
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One to one computers. Bebell (2005) conducted a large scale study that examined the 
effects of 1:1 laptops on all Grade 7 students in six of New Hampshire's neediest schools. In 
addition to 1 : 1 laptops, each classroom had wireless access, digital cameras, printers, video 
cameras, and a video conferencing camera. Be bell's central argument was that the increased use 
of computers will lead to improved skill development in students (2005). Pre- and post-surveys 
were used with teachers and students to collect data on changes in instructional practices, 
classroom ecology, and beliefs about educational technology (Bebell, 2005). Four hundred 
students and thirty-five teachers across six schools were surveyed (Bebell, 2005). Students were 
asked about their access to technology at school, at home, across subject areas, personal comfort 
levels, and uses of technology. Teachers were asked about measures of technology use in and out 
of the classroom, demographic information, teacher's comfort level with technology, and their 
attitudes towards technology. Eighty-two percent of the students completed the pre-test, and 79 
percent completed the post-test. Twenty-five teachers responded to the pre-test, and 22 to the 
post-test. Bebell (2005) concluded that 1:1 computing is a promising practice for implementing 
educational reform. This study provided evidence that 1 : 1 technology is an environment to hold 
up as a model for promising practices in promoting educational change. 
Kitchenham (2008) examined the fmdings of 1:1 computer schools to determine its 
effects on teacher transformation: Bebell's (2005) large scale study of35 teachers and 400 
teachers in New Hampshire; Russell, Bebell, and Higgins' (2004) comparative study of209 
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students and nine classrooms; Livingstone's (2006) surveys on 1:1 computing teachers in the 
United States; and Jeroski (2005& 2006) studies on 1: 1 computing in schools in British 
Columbia. Kitchenham (2008) uses Mezirow' s (1991) framework to investigate 1: 1 technology 
on adult learners, the teachers. Kitchenham (2008) argued the following: Teachers' beliefs about 
teaching and learning changed since implementing 1: 1 computers into their practice. One-to-one 
computing resulted in stronger and more confident teachers. Teachers improved their practice by 
planning and thinking more thoroughly about their lessons and roles as educators. One-to-one 
computers transform teachers. Kitchenham (2008) studied three school districts in British 
Columbia to see if there were are similar findings: Cowichan Valley School District, five 
schools, and one to two teachers per school; Nisga'a School District: four schools, and 12 
teachers; and Prince George School District: the Middle School, and seven teachers. The 
methods used were an on-line questionnaire, a semistructured interview, and researcher field 
notes. Teacher answers and comments were applied to Mezirow's model oftransformative 
learning to show that the teachers in the study were transformed through the use of 1: 1 
computers in their practice. Kitchenham (2008) concluded that 1:1 computer environments: 
increased student achievement, motivated learners, decreased discipline problems, increased 
student and teacher uses oftechnology, and teachers' worldviews were altered as they better 
understood the roles technology plays in education. 
Uses of Technology in Mathematics and Constructivism Approaches 
The purpose of this section of the literature review was to examine general uses of 
technology in mathematics and constructivism approaches. First, I began this section with a 
definition of constructivism, and deepen further understandings of constructivism approaches in 
the subject area of mathematics by relying on the work ofVan de Walle and Lovin (2006). Next, 
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I examined research on teachers using technology in conjunction with constructivism approaches 
in mathematics. 
Constructivism. The theory of constructivism suggests that learners construct knowledge 
or ideas out of their experiences. According to Van de W aile and Lovin (2006) when we are 
learning something new, we use tools to construct or build an understanding by joining the new 
experiences or ideas to what we already know. They further explain that every idea or bit of 
knowledge a person has is related to something that a person learned in the past, and that "no 
idea exists in complete isolation" (Van de Walle & Lovin, 2006, p. 2). Constructivism 
approaches allow learners opportunities to construct their own ideas through three main modes: 
(a) the use tools or models of various forms to learn new concepts; (b) social interaction with 
other learners while using tools; and (c) sharing individuals' reflective thinking on their ideas, 
strategies, and results (Van de Walle & Lovin, 2006). 
Tools come in many forms, especially in the primary grades. Tools can be drawings, 
games, songs, actions, and various materials. Social interaction is important for enhancing 
learning through constructivism approaches; students should be given opportunities to learn from 
one another's results (Van de Walle & Lovin, 2006). Metacognition strategies such as self-
reflection, self-assessment, and thinking out loud are part of constructivism practices. 
Constructivism approaches are based upon the work ofPiaget and Vygotsky (Van de 
Walle & Lovin, 2006). Piaget's theories of cognitive constructivism, that is how children use 
their ideas in a "reflective manner to construct new knowledge and understanding" (p 5.), are 
combined with Vygotsky's theories of social constructivism, that learners construct knowledge 
through the social interactions with others while engaged in activities (Van de W aile & Lovin, 
2006). According to Van de Walle and Lovin (2006) in order for learners to develop an 
understanding of mathematical concepts, teachers must give children the time to work through 
problems with tools, and discuss their thinking. Classroom discussions should be based on the 
students' ideas and solutions, rather than the teacher telling the steps and the answer. 
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Knowing how to use manipulatives to help children construct concepts in mathematics is 
important to their thinking and understanding. Knowledge in mathematics consists of two types, 
conceptual and procedural (Van de W aile & Lovin, 2006). 
Conceptual knowledge, or as Piaget referred to it as logico-mathematical knowledge, is 
knowledge that is constructed through logical relationships forming ideas (Van de Walle & 
Lovin, 2006). Tools can be used to model a concept such as using a number line showing 
counting by twos to represent skip counting. Models need to be introduced, their usage 
explained, and time must be given to students to practice using them. Students should be given 
choices over which tools they use to solve various problems once they understand what the tool 
or model represents. Van de W aile and Lovin (2006) stated that it is important that children 
develop both the meanings for tools and meanings that can be developed with the tools. 
Procedural knowledge is the understanding of rules and steps, or procedures used in 
mathematical tasks or arithmetic, and of the symbols used to represent the operations (Van de 
Walle & Lovin, 2006). Procedural knowledge should be learned along with conceptual 
knowledge. While many students can learn the steps of solving basic operations or arithmetic, if 
procedural knowledge is learned without them understanding the model, they will not truly 
understand the concepts. 
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Uses of technology and constructivism approaches. Research on teachers using 
technology in conjunction with constructivism approaches has revealed many interesting 
findings. Rakes, Fields, and Cox (2006) examined earlier studies that revealed that researchers 
believed that constructivist learning environments frequently incorporated many different 
applications of media and technology (Becker & Ravitz, 1999; Middleton & Murray, 1999; 
Rakes, Flowers, Casey, & Santana, 1999). Rakes et al. (2006) argued that these early studies 
found classroom environments that combined the tools of constructivism with communication 
and collaboration among learners in a sociocultural context were active and engaging for 
learners. Rakes et al. (2006) found interesting findings from two large studies on technologies 
and student learning: Dwyer, Ringstaff, and Haymore's (1994) Apple Classroom of Tomorrow 
project, and Doherty and Orlofsky's (2001) study on how teachers used computers for learning. 
These early studies concluded that increased student achievement were the results of the 
motivation created through the dynamic interactions of using technology while learning (Dwyer 
et al., 1994). 
The Apple Classroom of Tomorrow project was a 10 year study of how the routine use of 
technology by teachers and students affected student learning (Dwyer et al., 1994). It began in 
the fall of 1986, this study examines the first four years. The Apple Classroom of Tomorrow 
project collected qualitative data of narrative design on five classrooms, 32 teachers, and 650 
students in four elementary and one high school whose demographics range from inner-city to 
rural, and low to high socioeconomic status (Dwyer et al., 1994). Together the schools 
represented the diverse populations and conditions that are found in the United States' public 
schools. Apple provided each classroom with a wide variety of technology tools, training for 
teachers, and a coordinator at each school to provide technology assistance (Dwyer et al., 1994). 
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The project's purpose was to investigate how routine use of computers and technology 
influenced teaching and learning (Dwyer et al., 1994). Teachers recorded their observations of 
events in their classrooms and their reflections on those events on audiotape, producing an 
average of two 60-minute tapes per month (Dwyer et al., 1994). The tapes were mailed to Apple 
where they were transcribed and entered into a database (Dwyer et al., 1994). The analysis of the 
database of more than 20,000 entries from the evaluation of the Apple Classroom ofTomorrow 
project revealed increased use of constructivist teaching strategies with the use of technology in 
the classroom (Dwyer et al., 1994). Teachers encouraged students to use cooperation and 
collaboration with others as teachers presented more complex tasks and materials in their 
instruction along with more performance based evaluation for assessment (Dwyer et al., 1994). 
Doherty and Orlofsky (200 1) conducted a national survey of 500 students in Grades 7 to 
12, during the year 2000, on how their teachers used computers for learning. A cluster sample of 
students in Grades 7 to 12 was drawn from schools classified by the amount and type of 
technology that they had available. Their survey included 500 telephone interviews of public 
secondary school students across the United States (Doherty & Orlofsky, 2001). All interviews 
were conducted between Jan. 15 and Jan. 28 of2000. The interviews averaged 16 minutes a call, 
and were carried out by Harris' telephone-research centers in Youngstown, Ohio and Rochester, 
New York (Doherty & Orlofsky, 2001). Doherty and Orlofsky (2001) claimed that their survey 
revealed the following: 
• That most students said their teachers do not use computers in sophisticated ways and 
teachers were better at letting students have access to computers and they were using 
computers as a learning tool. 
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• That most students said that they have learned more about computers at home rather than 
at school. 
• Students were using computers mostly to send e-mail to friends, play computer games, or 
scan the Web for entertaining material. 
Doherty and Orlofsky were surprised that students reported that they were less likely to use a 
computer in the classroom than in the labs of library (2001). This finding was in direct 
contradiction to educational technology researchers' statements that computers are best placed in 
classrooms, rather than in special technology labs or libraries (Doherty et al., 2001 ); and that 
computers are not often used as tools to help students better understand difficult concepts or 
visualize something in a new or different way. Rakes et al. (2006) surmised that in order for 
technology to positively affect teaching methods and student learning, teachers required 
appropriate, research based training, time to practice using technology skills, access to 
technology tools, and support from their administrators to use technology in their classrooms. 
They stated that increasing technology use among teachers in classrooms can increase teaching 
and learning opportunities for all students. The need for these opportunities is especially apparent 
in poor, rural areas of the United States (Rakes et al., 2006). 
Rakes et al. (2006) conducted their own study to determine if teachers' use of technology 
supported the use of constructivist teaching practices. They surveyed 186 Grade 4 and Grade 8 
teachers from 36 elementary schools, 17 middle and/or junior high schools, and 13 high schools 
from 11 rural school districts in a southern state (Rakes et al., 2006). The 11 districts were chosen 
from those designated by the Delta Rural Systemic Initiative. The purpose of this federal initiative 
program was to bring about educational reform in three southern states. Each district was provided 
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with 300 hours of training for teachers. The equipment and training had been in place for a year . 
prior to collection of the survey data. Only school districts with populations that consisted of 20% 
or more families whose incomes were below the poverty line were included in the study. Also the 
schools included in the sample had similar minority as well as free and reduced lunch populations. 
From the total sample of 186 teachers, 123 volunteered to participate, 71 Grade 4 teachers, and 52 
Grade 8 teachers. Grade 4 and Grade 8 teachers were chosen because the state's "high stakes 
testing" is done at those two grade levels (Rakes et al., 2006). Teachers in the study responded to a 
fifty item instrument, the Level ofTechnology Implementation. The results of Rakes et al. (2006) 
study included the following limitations: 
• the questionnaire did not consider the difficulty of software programs used at the schools 
or the frequency of their use; 
• the sample is restricted to Grade 4 and 8 teachers in 11 poor, rural school districts in a 
southern state; 
• the study explored relationships among variables but did not analyse cause and effect 
relationships; 
• many unexamined factors affecting the relationship between technology use by teachers 
and their instructional practices are not explained or explored in the methodology used; 
and 
• all information in the survey is self-reported data and therefore the information acquired 
was based on the perceptions of the participants (Rakes et al., 2006). 
The study confmned that teachers who have the basic skills and comfort levels with technology 
and have access to computer technologies in their classrooms are more likely to use constructivist 
teaching practices (Rakes et al., 2006). Rakes et al. (2006) also concluded that any tools that can 
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encourage the use of constructivist classroom practices and encourage the development of 
thinking skills in students should be considered important for all teachers and students. The 
ultimate goal of their research on the use of technology as a tool for constructivist teaching 
practices was to verify a link between classroom technology use, constructivist instructional 
practices, and improved student achievement (Rakes et al., 2006). In their study' s teacher 
population, the availability of computers and training did not necessarily result in the use of 
technology (Rakes et al., 2006). Rakes et al. (2006) claimed that teacher beliefs' concerning their 
own personal ability to use technology and the potential effect on student achievement is an 
important factor in determining what actually happens in the classroom. The researchers believed 
that there is too much emphasis on the purchase and installation of equipment without properly 
addressing the need for teacher training (Rakes et al. , 2006). Teacher training should be about 
using new tools to help students increase their understanding of concepts and improve their skills 
"embedded in math, science, social studies, art and other curriculum standards" (Rakes et al., 
2006). Rakes et al. (2006) stated that the importance should be on teaching and learning strategies 
that make a difference in daily practice and on activities that lead to increased levels of student 
performance. 
I 
Overbay, Patterson, VasUa, and Grable (2010) preformed a study on the relationships 
between constructivist teaching, beliefs about teaching and technology use; and do they interact 
significantly with teachers' beliefs about student centered instruction in predicting technology 
use? Twenty-two schools consisting of four high schools, six middle schools, and 12 elementary 
schools included were surveyed online across the state. The mean number of years of teaching 
experience of the 474 participants at these schools was 11.9; years of experience ranged from 0.5 
up to 40, but the distribution was skewed to the novice end of the spectrum, with 11% having 
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one or fewer years of experience, 3 5% having less than five, and 71% having less than 15 years 
of experience. Most teachers were female, 80%. Forty-four percent of respondents taught at 
elementary schools, 33.5% taught middle school, and 22% were high school teachers. Their 
study used two online surveys, the Activities oflnstruction 2.0 and the School Technology 
Needs Assessment to assess the relationship between teachers' level of constructivism and their 
level of technology use (Overbay, Patterson, Vasua, & Grable, 2010). Overbay et al. (2010) 
results indicated that constructivist practices and beliefs were significant predictors of 
technology use. Teachers using more constructivist instructional practices were more likely to 
report using technology; similarly, teachers who believed strongly that technology was a useful 
tool for student centered learning and constructivism approaches were more likely to use 
technology (Overbay et al., 2010). Their study examined those relationships, and results 
indicated that among the teachers in this sample, constructivist beliefs and practices were 
positively related to technology use (Overbay et al., 2010). Teachers' willingness to employ 
student centered and open ended activities and constructivism approaches in their classrooms, as 
well as their beliefs about the usefulness of technology for these purposes, were better predictors 
of technology use than any other variable examined in this study, including level ofteaching 
experience and perceived level of administrative support for technology integration (Overbay et 
al., 2010). Overbay et al. (2010) recommended the following for administrator and teacher 
preparation programs: (a) teachers with different levels of experience can be encouraged to 
integrate technology in ways that support student learning; (b) teachers' use of technology was 
strongly related to their beliefs about how useful these resources are for promoting student 
centered instruction, helping teachers see how it can be used to construct knowledge in 
meaningful ways is important; and (c) teachers who fail to use instructional technology to its full 
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potential may be reluctant to do so because they doubt its usefulness as a means of making 
instruction more effective, and not because they are unmotivated to learn new instructional 
approaches. Modeling technology integration with student centered practices that are already 
used in their classrooms may be the most useful approach to helping them take advantage of 
media and technology resources. The results from Overbay et al. (2010) study provided evidence 
that there is a strong association between these two variables, suggesting that administrators, 
policymak:ers, and teacher educators interested in promoting effective and engaging instruction 
should continue supporting teachers in their use of classroom technologies. Showcasing methods 
by which instructional technologies can be used to support meaningful student learning. 
The Uses of Virtual Manipulatives in Mathematics 
This fmal section of the literature review begins by defming virtual manipulatives. Next, 
it examined the specific fmdings in the use of virtual manipulatives and their effectiveness in 
different areas of mathematics. 
Virtual manipulatives. Virtual manipulatives are defmed as "an interactive, Web based 
visual representation of a dynamic object that presents opportunities for constructing 
mathematical knowledge" (Moyer, Niezgoda & Stanley 2005, p. 17). Many of the virtual 
manipulatives look like the concrete materials, and some such as the three dimensional geometric 
shapes can be flipped and turned by clicking and dragging. Moyer, Niezgoda, and Stanley (2005) 
claimed that virtual manipulatives are appropriate for young children to use with the learning of 
mathematics. Some virtual manipulatives allow children to change the colours, mark the sides 
and/or faces, and key in numbers and/or symbols (Moyer et al., 2005). Many virtual 
manipulatives are available on the Internet for free or for a small fee. 
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Key virtual manipulatives studies. Bolyard and Moyer-Packenham (2006) studied the 
use of virtual manipulatives with 99 Grade 6 students learning addition and subtraction of 
integers. The students showed significant gains in achievement, and the researchers concluded 
that virtual manipulatives can support learning with these concepts. 
Brooks, Lyon, and Steen (2006) conducted a study comparing the use of virtual 
manipulatives to the use of concrete materials in geometry. They stated that Grade 1 and Grade 2 
students showed significantly greater overall improvement in their learning of geometry using 
virtual manipulatives compared to the control groups that used traditional text methods (Brooks, 
Lyon & Steen, 2006). Three aspects stood out as limitations in their study: The sampling 
procedure used for the Grade 1 students limited generalization of the results (Brooks et al., 
2006). The sample size of 31 Grade 1 s limited the statistical power of the experiment (Brooks et 
al., 2006). The tests that came with the texts that were used for pre- and post- measures had no 
information regarding validity and reliability was obtained by the publisher (Brooks et al., 2006). 
Brooks et al. (2006) made several recommendations for future research such as: larger sample 
sizes, better control for potential teacher effect, longitudinal studies for determining long term 
impacts, and case studies for determining attitudes, behaviours, time on task, student 
interactions, and repetitions of practice activities. 
Figueira-Sampaio, Santos, and Carrijo (2009) conducted an action research project on a 
constructivist computer tool that they developed. In this Brazilian study, the researchers 
developed a computer tool to replace a conventional balance used for practical mathematics 
exercises, and then they determined the effectiveness of using this tool in the learning process 
(Figueira-Sampaio, Santos, & Carrijo, 2009). The researchers argued the need to review 
pedagogic practices, in light of the availably of new technologies, and look for ways to make 
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mathematics education less dry, and more appealing (Figueira-Sampaio et al., 2009). The 
electronic tool was developed using the Virtual Reality Modelling Language with JavaScript 
language. The tool was accessed through a web browser. Figueira-Sampaio, Santos, and 
Carrijo's (2009) research was exploratory in nature and descriptive in character. They used a 
case study approach with 46 Grade 6 students in a public school (Figueira-Sampaio et al., 2009). 
The students were divided into two groups, one group served as a control and they used the 
traditional method of instruction using a balance model. The other group used the virtual tool. 
Both groups of students received instruction by the same teacher. All students were given the 
same polynomial equation problems to work on. Qualitative techniques were used to analyse the 
data collected. Figueira-Sampaio et al. (2009) findings indicated that the virtual tool was faster 
and easier to use than the conventional balance. The conventional balance had to be checked for 
accuracy after each use, which was time consuming, and limited the amount of interaction 
learners could have using the model. In their conclusion Figueira-Sampaio et al. (2009) offered a 
valid argument based on using constructivism approaches in the learning of mathematics, over 
the need to make the learning of mathematics more exciting or attractive through the use of 
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virtual computer tools. 
Hasselbring and Mendiburo (20 11) compared virtual and physical manipulatives in the 
learning of fractions. Their study was conducted on four Grade 5 classes in Tennessee (2011). 
The study sample included a total of 67 students, 39 girls and 28 boys (Hasselbring & 
Mendiburo, 2011). Students were randomly assigned to either the treatment group that used the 
virtual manipulatives or the control group that used the physical manipulatives. Boys and girls 
were taught in separate groups essentially creating two treatment groups and two control groups, 
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and this arrangement reflected the way programs were delivered at this school. Pre-test and post-
test data were used to answer the following research questions: 
• Are there differences in students' knowledge of fraction magnitude when they are taught 
basic fraction concepts using virtual manipulatives compared to when they are taught 
basic fraction concepts using physical manipulatives? 
• Are students able to complete more practice exercise and/or more games using virtual 
manipulatives than physical manipulatives? 
Hasselbring and Mendiburo (2011) fmdings showed the following: (a) students assigned to the 
virtual manipulative groups scored marginally higher than students assigned to the physical 
manipulative groups, (b) students assigned to the treatment groups answered an average of 1. 78 
more questions correctly than the control group students, (c) the students in the treatment groups 
played more games than students in the physical manipulative groups, and (d) there was no 
statistically significant difference between genders in all of the fmdings (Hasselbring & 
Mendiburo, 2011). The researchers concluded three things: (a) that virtual manipulatives can be 
used just as meaningfully as physical manipulatives in the learning of mathematics, (b) gender is 
not a strong predictor of the outcomes when using manipulatives, and (c) there is evidence that 
virtual manipulatives are more time efficient than physical manipulatives (Hasselbring & 
Mendiburo, 2011). 
Hwang, Su, Huang, and Dong (2009) conducted a study on 23 sixth grade elementary 
students in Taiwan. They used a 20 item perceived acceptance questionnaire to examine the 
effectiveness of a virtual manipulatives and interactive whiteboard system used to solve three 
dimensional geometry problems (Hwang, Su, Huang, & Dong, 2009). The results of their study 
revealed that most of the subjects considered the virtual tools to be useful and easy to use 
(Hwang et al., 2009). Hwang et al. (2009) concluded that the virtual manipulatives have 
invaluable potential for education and can enhance learning of geometrical problem solving. 
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Lee and Chen (2010) conducted large scale study on 580 Grade 9 students examining 
students' attitudes and perceptions towards using virtual manipulatives in mathematics. Their 
research revealed significant fmdings in two out of three areas (Lee & Chen, 2010). Freedom 
from fear of mathematics, perceived importance, and usefulness of mathematics were factors of 
significance. The third area, the enjoyment and the motivation of mathematics, were not 
significant predictors of adolescents' perceptions towards their learning of mathematics using 
virtual manipulatives (Lee & Chen, 2010). 
Moyer, Niezgoda, and Stanley (2005) conducted an action research project on 19 Grade 2 
students comparing the use of virtual manipulatives to the use of concrete models in place value. 
The researchers concluded that virtual base 1 0 blocks enabled students to demonstrate more 
sophisticated strategies and explanations of place value (Moyer, Niezgoda & Stanley, 2005). 
Moyer, Niezgoda, and Stanley (2005) conducted another action research project studying 
patterning concepts with a full day kindergarten class of 18 students. The students were engaged 
in three day lessons on patterning. On the first day, they used wooden pattern blocks, on the 
second day they used Web based virtual pattern blocks, and on the third day they drew patterns 
freehand on construction paper. When using the virtual blocks, most students created more 
complex and sophisticated patterns, and used more blocks in total then they did with the concrete 
materials (Moyer, Niezgoda & Stanley, 2005). 
Reimer and Moyer (2005) conducted a small action research study on Grade 3 students 
using virtual manipulatives for learning concepts with fractions. Their fmdings claimed that there 
were statistically significant improvements on students' conceptual knowledge and procedural 
knowledge (Reimer & Moyer, 2005). The results of their study were limited because it was 
conducted on only one classroom, so generalizations cannot be made. In addition, teacher 
designed tests instead of standardized tests were used (Reimer & Moyer, 2005). The tests were 
not researched for validity and reliability (Reimer & Moyer, 2005). Reimer and Moyer (2005) 
concluded that it is worthy to conduct further research to determine the impact that virtual 
manipulatives have on students' learning and understanding of mathematical concepts. 
49 
Yuan, Lee, and Wang (2010) conducted a mixed model study comparing the performance 
of students using a virtual manipulative polyominoes' kit, which they developed for junior high 
school students to explore polyominoes, to the performance of students using physical 
manipulatives to explore the same concepts. The purpose of their study was to answer the 
following questions (Yuan, Lee, & Wang, 2010): 
• What differences exist on problem solving performance between students who use 
physical manipulatives and those who use virtual manipulatives in exploring the number 
of polyominoes? 
• 
• 
What are the differences students may have in problem solving strategies, behaviours and 
interactions when using different manipulatives to explore the number of polyominoes? 
What are the students' attitudes towards using virtual manipulatives? 
Yuan et al. (2010) used an attitudes survey and a non-equivalent group pre-test and post-test 
quasi experimental design on 60 eighth grade students, 27 boys and 33 girls from two different 
classes in a junior high school in Taiwan. Students were randomly selected, one class as the 
experimental group and the other as the control. The experimental group used the virtual 
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manipulatives and the control group used the physical manipulatives. Both groups used identical 
learning objectives and activities. Students in both groups had never encountered the palominos' 
problems before and did not know the solutions in the beginning of the study. The results of their 
study revealed that learning in the experimental group was as effective as the learning in the 
control group (Yuan et al., 2010). New ideas considering the influence of symmetry and rotation 
occurred with the experimental group (Yuan et al., 2010). Observations revealed that the students 
in the experimental group paid more attention to exploring the palominos' problems (Yuan et al., 
2010). Researchers concluded that students in the experimental group consciously thought and 
talked more about the problem then students in the control group (Yuan et al., 2010). Yuan et al. 
(2010) stated that limitations of their study would need for a larger sample size for further 
investigation. 
Summary 
The first section of the literature review portrays today's students as living in a world of 
rapid change (Prensky, 2010). Effective teaching requires more than ever that teachers promote 
learning using technology in ways that are meaningful and challenging to the learner (Prensky, 
2010). Research suggests that teachers can more effectively motivate children through the use of 
technology (Prensky 2010; Schrum & Levin 2009; Tapscott 1998, 2009). Students can enjoy 
learning by making use of the same technologies that they are using in their daily lives already 
(Prensky, 2010). In order to do so, educators must develop and implement an understanding of 
the roles technology and the Internet plays in educating future generations of students (Schrum & 
Levin, 2009). Web 2.0 Tools offer many ways that support teaching and learning across 
curriculum, across age levels, and worldwide (Schrum & Levin, 2009). Many research studies 
provided evidence that computer games than require students to solve problems and use higher 
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thinking skills can be motivating, and have shown significant academic improvement (Ke, 2008; 
Ke & Grabowski, 2007; Kebritchi, Hirumi, & Bai, 2010; Lazakidou and Retalis, 2010; Sedig, 
2008). 
The second section of the literature review divulged that teachers must use many of the 
following promising practices: student centered approaches, open ended problems, student 
reflection, metacognition strategies, and questioning techniques when using technology (Wood 
& Ashfield, 2008). This section of the literature provides evidence that: (a) 1:1 technological 
environments can transform teachers (Bebell, 2005; Kitchenham, 2008; Livingstone, 2006; and, 
Jeroski, 2005, 2006); (b) interactive whiteboards can be effective uses oftechnology, especially 
in teaching and learning in the subject area of mathematics (Gillen, Staarman, Littleton, Mercer, 
& Twiner, 2009; Swan, Schenker, & Kratcoski, 2008;Wall, Higgins, & Smith, 2005); and (c) it is 
not the integration of technology, or the use of a specific type of technology into lessons that 
supports and enhances pedagogy, it is how teachers use the technology in instruction (Wood & 
Ashfield, 2008). 
The third section of the literature review concludes that many tools have been used in the 
learning of mathematics. Slide rules, compasses, calculators, and now computers are employed 
using constructivism approaches. Tools using constructivism approaches can be drawings, 
games, songs and materials (Van de Walle & Lovin, 2006). Social interactions between students 
are important for enhancing learning through constructivism approaches (Van de W aile & Lovin, 
2006). Research shows that metacognition strategies such as self-reflection, self-assessment, and 
thinking out loud are part of constructivism practices which can be effectively used while 
employing technology. Computers and interactive whiteboards are motivating and engaging for 
students. These technologies can be effectively used as thought provoking tools for problem 
solving and organizing one's thinking as a model. 
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The last section of the literature review presents specific research, detailing the 
effectiveness of using virtual manipulatives. Historically speaking, concrete models and 
manipulative materials have been typically used to build and explain mathematical concepts 
(Van de Walle & Lovin, 2006). The current literature contends that Web 2.0 Tools, and other 
virtual models offer many electronic alternatives to using concrete models. Research studies into 
the effectiveness ofusing virtual manipulatives in mathematics is still limited, but the growing 
body of literature indicates that students learn just as effectively using virtual manipulatives as 
they do using physical manipulatives in many areas of mathematics. Primary students showed 
significantly greater improvement in their learning of geometry using virtual manipulatives 
compared to traditional methods (Brooks, Lyon, & Steen, 2006). There is also evidence that 
virtual manipulatives are more motivating for students. Virtual manipulatives make the learning 
of mathematics more exciting (Figueira-Sampaio, Santos, & Carrijo, 2009). Also, students using 
virtual manipulatives were able to complete more activities and cover more concepts during the 
same time period as students using concrete materials. There was statistically significant 
improvement on students' conceptual knowledge and procedural knowledge using virtual 
manipulatives for learning concepts in fractions (Reimer & Moyer, 2005). 
The literature review focused on the needs oftoday's learner and the roles that 
technology plays in their daily lives, and how effective uses of technology in education, 
especially in mathematics can motivate and lead to improvement. I examined research findings 
identifying the best practices of using technology in teaching and student achievement, that I use 
every day with my students, 1:1 computers and interactive white boards. The intent of my 
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literature review was to uncover information that would lead me to develop a richer and more 
powerful explanation of my students' learning experiences to broaden/strengthen the 
technological learning environment that I have created, to enhance the context of my own 
learning as the teacher, and to seek answers to address my research questions (Janesick, 2004). 
My project examined the claims made by the research findings on the effectiveness of using 
technology and of virtual tools by putting them into practice and learning from the results. 
Chapter 3 outlines my research methodology and gives rationale for the research design. Chapter 
3 also details the data sources and collection methods used to study in-depth, the uses of 
technology and virtual manipulatives in number sense operations with lower primary students. 
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Chapter 3: Research Methods 
Chapter 1 set out the central research question, set the context for the study, and 
demonstrated the need for this research. Chapter 2 examined the literature and revealed the 
importance of using technology with today's learners as they find using technologies, such as 
interactive whiteboards, laptops, and the Internet, motivating and engaging. The literature upheld 
promising practices of using technology in mathematics, specifically with the effectiveness of 
using virtual manipulatives (Brooks, Lyon, & Steen, 2006; Figueira-Sampaio, Santos, & Carrijo, 
2009; Hasselbring & Mendiburo, 2011; Reimer & Moyer, 2005). Studies that examined using 
virtual models with primary-aged children demonstrated statistical significance with the learning 
of mathematical concepts and skills in place value, fractions, algebra, geometry, and patterning 
(Brooks, Lyon, & Steen, 2006; Figueira-Sampaio, Santos, & Carrijo, 2009; Reimer & Moyer, 
2005). 
This chapter explains the research methods and the process of collecting and analyzing 
the data for this project. The research was carried out as an educational case study and used 
mixed models for reasons and purposes discussed at the beginning of this chapter. The first 
section of this chapter focuses on the purpose of using mixed models. It also outlines the 
qualitative and quantitative methods and procedures of research that were used. Next, the 
demographics of the participants involved in this study are described. The second section 
explains how the data were collected. The third section of this chapter describes the data 
analysis. 
Research Methods Overview 
The study I conducted employed a mixed models approach; I collected both quantitative 
and qualitative data. Tashakkori and Teddlie (1998) stated that mixed models are exploratory, 
55 
descriptive, or confirmatory in manner. Kitchenham (2009) stated that mixed methods research 
enables the researcher to investigate using both inductive and deductive reasoning producing 
results that are more robust. The quantitative data in this study was from a small sample size that 
was not randomly selected or assigned because the lessons are for Grade 1 and Grade 2, and 
there were only four students in total at these grade levels. While the results from the quantitative 
data cannot be generalized to larger populations, they did create an understanding of the details 
of my students' learning in complexity. The qualitative data provided an opportunity for an in-
depth description of four individuals' thinking and feelings (Creswell, 2008). 
Qualitative methodology. Creswell (2008) stated that the purpose of using qualitative 
research methods is not to generalize the findings to the greater population, but to understand 
events in-depth. The purpose of using specific qualitative research methods was to learn from my 
students by exploring and understanding their perspectives and behaviours while they were 
learning number sense concepts using technology. Creswell (2008) conveyed that qualitative 
research explores broad and general questions and enables the researcher to seek out 
understandings of the individuals being studied. The central question in this research study was: 
How effective are virtual lessons designed using Java, and the use of technology in mathematics 
at enhancing students' learning? The other questions were sub-questions used to understand, and 
describe my students' learning and thinking. Qualitative research methods are better used on 
small sample sizes of a few individuals in order to provide an in-depth picture of the concept 
being described (Creswell, 2008). 
Effective practices in education are often motivating for students and make learning 
enjoyable for them. Qualitative data collection through a case study approach enabled me to 
determine if the electronic 10-frame lessons, as well as the different technologies we used in our 
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class were enjoyable and motivating for my students. Data collection through the following 
qualitative methods consisted of: (a) videotaped lessons and interviews between the teacher and 
individual students using open-ended questions; (b) field notes consisting of teacher 
observations; and (c) documents consisting of teacher professional journal reflections, lesson 
plans, and student work samples. In using this triangulation method of collecting data, where 
different approaches are used in gathering information, personal bias stemming from my role of 
participant observer was reduced and a more precise estimate of outcome was examined 
(Tashakkori & Teddlie, 1998). 
While the use of quantitative findings in this study cannot be used to prove validity and 
reliability, the qualitative fmdings can extend themselves to trustworthiness. Trustworthiness can 
be established by ensuring quality of the information obtained, analyzed and presented 
(Tashakkori & Teddlie, 1998). Tashakkori and Teddlie (1998) stated that trustworthiness arises 
from a combination of credibility, transferability, dependability, and confirmability. 
Trustworthiness in this study was established through methods of triangulation, persistent 
observation, thick description, and the keeping of a reflexive journal (Tashakkori & Teddlie, 
1998). 
Case study. Creswell (2008) stated that case studies are a form of ethnography because 
they focus on detailed investigations of individuals, or groups. Case studies differ from 
ethnography because they study programs, activities, or events rather than patterns of behaviour 
among a group. The researcher performing a case study endeavors to analyze the variables 
significant to the subject under observation (Creswell, 2008). The principle difference between 
case studies and other research studies is that the focus of attention is on an individual, or two or 
three individuals, and not the whole population. Most studies search for what is frequent and 
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persistent. In the case study, the focus may not be on generalization offmdings that are common 
to larger populations, but on understanding the particulars of that case in-depth. They contribute 
valuable and important information in the realm of educational research. Case studies can be 
qualitative, or quantitative, or by mixed methods. When used in mixed model research, they 
produce findings that are robust (Kitchenham, 2009). Utilizing a case study approach is a 
methodical way of examining events, collecting data, analyzing the information, and producing 
robust results. A case study researcher may gain insight and develop a deeper understanding of 
why something occurred or happened as it did. The researcher can then make suggestions of 
what might become important to examine more closely in future research (Stake, 1995). Case 
studies can lend themselves to both generating and testing hypotheses. Case studies are robust 
since they produce more details, comprehensiveness, and variation (Stake, 1995). They typically 
evolve over time, often as a series of tangible, and combined events that are entwined (Creswell, 
2008). Case studies focus on relationships with the natural environment, that is, the context in 
which the research occurs (Stake, 1995). The drawing of boundaries for the individual unit of 
study decides what counts as case and what becomes context to the case (Stake, 1995). 
Case studies can be intrinsic or instrumental; Stake (1995) states that intrinsic case 
studies are conducted out of interest or curiosity, and instrumental case studies are conducted to 
learn something or to seek insight into understanding a problem. My project was both intrinsic 
and instrumental. My reasons for conducting this study were born out of my natural curiosity and 
interest in technology as I sought insight into my students' learning and thinking using 
technology in number sense. 
Quantitative methodology. In this study, the need to use specific quantitative methods 
stemmed from the literature review on technology and mathematics, specifically in the area of 
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student learning in number sense using virtual manipulatives. The dearth of research on the use 
of 10-frame lessons justified partially the purpose of the study. Findings on the use of other 
virtual manipulatives guided the development of my research questions on the effectiveness of 
using electronic 10-frame lessons (Creswell, 2008). While the research in virtual manipulatives 
is increasing, it is still limited. There have been studies conducted on using virtual tools to learn 
concepts, skills and strategies in place value, fractions, algebra, geometry, and patterning at 
different grade levels (Brooks, Lyon & Steen, 2006; Heo, Suh, & Moyer, 2004, 2005; Lee & 
Chen, 2010; Moyer, Niezgoda & Stanley, 2005; Reimer & Moyer, 2005). Other areas of 
mathematics have not yet been addressed such as 10-frame lessons. 
As is with all other quantitative research methods, this study examined specific variables. 
Creswell (2008) described variables as characteristics or attributes that are measured or 
observed. The characteristics of the subjects in this study were the grade levels of the students 
and the number sense learning outcomes for their grade levels. The attributes were the thoughts, 
ideas, feelings, and behaviours of the students while they were learning. In quantitative research 
studies the researcher measures the attributes or characteristics through one of two ways, 
questionnaires or observations. This study used both questionnaires and observations to describe 
the attributes and characteristics of the subjects' learning processes and the use of various tools 
in number sense. Behavioural observations were made using checklists, rubrics, videotaped 
lessons, and assessment demonstrations. Attitudes were measured with a teacher-designed survey 
consisting of closed questions. 
Variables are measured as categories and continuous scores (Creswell, 2008). I measured 
the behaviours of my students through observations on their progress, time on task, level of 
independence, number of repeated practice, and accuracy of work. These were the variables that 
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formed the categories that I used. Creswell (2008) stated that there are four different types of 
variables: measures, control, treatment, and moderating. The tools or models being used, and my 
students' attitudes in this study are measured variables because they may influence the outcomes 
and they are observable and can be measured (Creswell, 2008). Quantitative studies answer 
"how," "what" or "why" research questions and come in three forms: descriptions, relationships, 
and comparisons (Creswell, 2008). While I was studying relationships and making comparisons 
between tools, this study was for descriptive purposes only. I used quantitative research methods 
in the hopes of reducing the amount of subjectivity found in early numeracy assessment practices 
and to strengthen the qualitative data collected by merging the two types of data together. I 
followed a non-experimental design model for quantitative data collection and analysis. 
Non-experimental models. Generally, quantitative research designs are either non-
experimental or experimental. Lavrak:as (2008) stated that non-experimental designs are used to 
describe, differentiate, or compare, as opposed to testing for direct relationships between or 
among variables, groups, or situations using experimental designs. Non-experimental designs use 
observations only, there are no random assignments, control groups, or manipulation of 
variables, as found in experimental models. The most common non-experimental designs are 
descriptive or correlation studies. Descriptive or exploratory studies are used when little is 
known about a particular phenomenon (Lavrak:as, 2008). The researcher observes, describes, and 
documents various aspects of a phenomenon. Non-experimental or descriptive research designs 
can identify factors and relationships among them, and create a detailed quantitative description 
of phenomenon. Non-experimental or descriptive designs can give a picture of the opinions, 
thoughts, attitudes, or behaviours of a sample of people, as they exist at a given time and a given 
place (Lavrak:as, 2008). There is no search for cause and effect related to the phenomenon. 
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Descriptive designs describe what actually exists within the behaviours of the learners and 
determines the frequency with which it occurs, and categorizes the information (Lavrak:as, 2008). 
The results provide the knowledge base for potential hypotheses and any future experimental 
studies (Lavrak:as, 2008). 
Characteristics of this descriptive study described the following phenomenon: levels of 
achievement, attitudes or opinions, time on task, repeated practice, and the number of times 
assistance was required by my students. Description of the phenomenon, that is the thoughts and 
behaviours of the learners, was shown through the use of frequencies, percentages, or averages. 
Data were presented in tables and no conclusions about relationships were made. As with all 
non-experimental designs, this study can at best conclude that a relationship exists, or that there 
are significant differences. Designs such as this one cannot establish a causal relationship 
because there are many other possible explanations not controlled (Lavrakas, 2008). 
Behavioural observations of Grade 1 and 2 students were recorded on checklists for: time 
on task, number of times students repeated practice lessons, and the numbers of times students 
required help while working on tasks. I kept a checklist for each of the number sense lessons, 
and analyzed the videotapes for student behaviours and conversations. 
Research subjects 
The population for the quantitative part of this study was two Grade 1 students and two 
Grade 2 students who received electronic lessons and guided practice using the virtual 10-
frames. The sample of this population was all of the Grade 1 and Grade 2 students enrolled at a 
small rural school in north central British Columbia. Data gathered came from the treatment 
groups, and consisted of pre- and post -assessments using the Math Makes Sense program 
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(Pearson, 2007 & 2008) rubrics for Grade 1 and Grade 2, and rubrics from the Grade I and 
Grade 2 learning outcomes from Mathematics K - 7: Integrated resource package (British 
Columbia, Ministry of Education, 2007) as found in the BC Performance Standards, Numeracy 
K-1, and Grade 2 (British Columbia, Ministry of Education, 2007). Scores from rubrics were 
analyzed using a Likert scale. Observational checklists based on Grade 1 and Grade 2 learning 
outcomes were taken from the BC Performance Standards, NumeracyK-1, and Grade 2 (British 
Columbia, Ministry of Education, 2007). 
Sampling. Sampling methods are different between qualitative and quantitative research. 
Quantitative methods rely on randomized sampling; whereas qualitative methods can use 
purposeful sampling (Creswell, 2008). Creswell (2008) described several methods of purposeful 
sampling: maximal variation, extreme case, typical, theory or concept, homogeneous, critical, 
opportunistic, snowball, confirming, and disconfinning. I used homogeneous sampling in my 
study because the four students that I selected were in Grade 1 and Grade 2 and they formed a 
subgroup of my multigrade Kindergarten to Grade 7 class. Creswell (2008) maintained that in 
homogeneous sampling, subjects share a similar trait or characteristic, and that researchers 
choose their subjects based on those traits or characteristics. The characteristics or traits in this 
study were the grade levels and coinciding learning outcomes for number sense. 
According to Creswell (2008) in quantitative research methods, sampling falls under two 
main categories, probability sampling and non-probability sampling. Non-probability sampling is 
either through convenience or snowballing (Creswell, 2008). The subjects in this study were 
selected because they were convenient and therefore, I cannot say with confidence that they were 
representative of the general population of Grade 1 and Grade 2 students (Creswell, 2008). In 
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most quantitative research studies, the researcher forms hypotheses to address the research 
questions. In quantitative research studies the researcher makes predictions based upon past 
research and literature, and then carries out some form of experiment to test the hypotheses or 
prediction (Creswell, 2008). However the quantitative data gathered in this study was too small 
to conduct a proper experimental research design and therefore the hypotheses was not required 
(Creswell, 2008). Tashakkori and Teddlie (1998) stated there is no specific type of sample type 
or procedure appropriate for all research questions especially in social and behavioural research. 
They also stated that a combination of sampling approaches can be used at any stage of the study 
(Tashakkori & Teddlie, 1998). 
Ethical Concerns 
University, district, and parental consent were obtained before this study was carried out. 
Consent and approval were obtained before individual students' data information was shared. 
Ethical concerns with this project required that steps be taken to respect and ensure the privacy 
and confidentially of all of the participants involved so that they remain anonymous. Pseudonym 
names were assigned to individuals in place of using given names to protect the identity of the 
students. During the data collection processes, data information was considered confidential, and 
was not shared with anyone outside of the project. 
Confidentiality and Anonymity. To further ensure confidentially and anonymity of the 
participants of this project students names and the name of the school and community do not 
appear in this fmal report. Pseudonym names were used for any and all of the participants 
involved in this study. 
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Recruitment of participants. All students in Grades 1 and 2 were approached to 
participate in this project. Recruitment of participants was obtained by sending a letter of 
permission home, with each student. The letter of permission was given to the school's principal. 
After receiving the prinCipal's approval a copy of each letter was sent home with the students in 
the grades previously mentioned. Four letters of permission were sent in total. All four letters 
were returned to the school the following day, granting permission for the students to be 
involved in this study (see Appendix A). 
Data collection 
The purpose of this research project was to describe the use of technology and of virtual 
1 0-frame models used with lower primary number sense concepts, and determine their 
effectiveness. Case studies employing mixed model designs require a wide variety of data 
collection in order to provide an in-depth description of the case (Creswell, 2008; Tashakkori & 
Teddlie, 1998). Mixed-model designs involve the collection of both quantitative and qualitative 
data. Details of the rationale and types of data collected in this study and how the data were 
merged, analyzed, and presented are explained in the sections to follow. 
Mixed models. According to Tashakkori and Teddlie (1998) mixed model designs refer 
to the collection and analyses of both quantitative and qualitative data during different stages of 
the research process in a harmonizing manner. The purpose of using a mixed method of design in 
my project was to collect quantitative and qualitative data simultaneously and merge the two 
findings together. This combination resulted in in-depth descriptions or detailed snapshots of my 
students and their thoughts as they were learning number sense strategies and concepts using 
virtual technologies. A data triangulation design was used for collection and analysis to help me 
develop a deeper understanding of the effectiveness of the applet lessons (Creswell, 2008; 
Tashakkori & Teddlie, 1998). Equal emphasis was given to the quantitative and qualitative 
methods used in this study model; the importance of the quantitative data were supported or 
overlapped by the qualitative findings or vice-versa. 
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The quantitative data collected in the form of pre-assessment rubric scores and post-
assessment rubric scores was analyzed using the Likert scale and I looked for any significant 
growth in achievement. Quantitative data measured time on task, repeated practice on using 
various tools or models used in the teaching and learning of number sense concepts. The data 
were used for descriptive purposes and only areas of significance were reported, in the hopes that 
further research may be conducted on larger populations for educational purposes. Quantitative 
data collected on various models or tools that students used were examined for strong 
relationships between: time on task, number of times students repeat practice lessons, and 
number of times students required help while working on tasks. Cause and effect explanations 
cannot be determined because of the weakness of the small amount of data used in this non-
experimental design. Attitude surveys provided support for measuring my students' attitudes 
towards the tools, and the quantitative data were merged with the qualitative data to give in-
depth information. Qualitative data consisted of reflexive journal entries, lesson plans, and 
transcripts of videotape recordings, interviews, survey questions, and work samples (Creswell, 
2008). 
The advantages of this mixed models design is that the quantitative data were used to 
record and display the achievement results, attitudes, and relationships among the tools that 
students used while they were learning. The quantitative data does not identify the thoughts, 
Table 1 
Matrix for triangulation 
Research Question Data Source # 1 
How effective are the Quantitative: Pre-
applet 10-:frame assessment rubric 
lessons designed used Post -assessment 
in teaching number rubric (Math Makes 
sense strategies? Sense and Math IRP) 
Was there Quantitative: Pre-
improvement in assessment rubric 
learning outcomes for Post -assessment 
Grade 1 and Grade 2 rubric (Math Makes 
number sense that Sense 1, Math Makes 
were learned using the Sense 2, and Math 
virtual images? IRP) 
Did my students enjoy Qualitative: Teacher 
using the virtual tools Reflexive Journal 
when compared to 
other tools used in 
number sense? 
Did my students enjoy Mixed data: 
learning concepts in Videotaped lessons 
mathematics using with the Grade 1 s and 
virtual images? Grade 2s 
Did my students enjoy Mixed data: 
the use of interactive Videotaped lessons 
whiteboard in their with the Grade 1 s and 
learning of Grade 2s 
mathematics? 
Do my students enjoy Qualitative: field 
the use of the notes 
netbooks in their 
learning of 
mathematics? 
Data Source #2 
Quantitative: 
Behavioural 
observations and 
video taped lessons 
Mixed data: Field 
notes and/or 
behavioural 
observations check 
list by Teacher 
assistant and/ or the 
teacher 
Qualitative: Student 
interview questions 
Qualitative: field 
notes 
Qualitative: field 
notes 
Qualitative: Student 
survey questions 
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Data Source #3 
Quantitative: Attitude 
surveys 
Mixed data: 
Videotaped lessons 
with the Grade 1 s and 
Grade 2s 
Mixed data: 
Videotaped lessons 
with the Grade 1 s and 
Grade 2s 
Qualitative: Student 
interview questions 
Qualitative: Student 
interview questions 
Qualitative: Student 
survey questions 
Mixed data: 
Videotaped lessons 
with the Grade 1 s and 
Grade 2s 
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opinions and experiences of my students (Creswell, 2008; Tashakkori & Teddlie, 1998). Using 
persistent observations and dense or thick qualitative data did identify how my students learned, 
thought, and felt in a learner centered approach. The disadvantage of using mixed methods 
models like this one is that the collection of qualitative data may influence the final outcome or 
results (Creswell, 2008). When planning to collect and analyze data, Sagor (2000) recommended 
that teachers researching their own practice develop a triangulation matrix to ensure the validity 
and reliability of their findings (see Table 1). It is also highly recommended that the researcher 
openly and honestly declare his or her biases in the first chapter (Creswell, 2008). Table 1 
represents the matrix for triangulation used for my study. 
Behaviour, observational checklists from the Math Makes Sense programs (Pearson, 2007 
& 2008) Grade 1 and Grade 2 were used to record observations. All lessons were videotaped, as 
were the interviews. Attitudes were measured using closed survey questions. The qualitative data 
collected from my journal entries, videotapes of lessons, checklist observations, surveys, and 
interviews may contain information on all of the students emolled in Kindergarten to Grade 7, 
but only information on the study group was reported. 
Quantitative data collection 
Independent variables are the tools and/or models used to teach number sense concepts. 
The dependent variables that were measured comprised of: (a) time spent on task which was 
recorded in field notes using checklists by the teacher and/or teacher assistant, and by referring to 
videotaped lessons; (b) number of practice sessions each student repeated was tallied by the 
teacher and/or teacher assistant using checklists; (c) accuracy of completed tasks was found in 
work book samples; (d) applying the skills and strategies used were recorded as field note 
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checklists taken by the teacher and/or teacher assistant; and (e) student assessment demonstration 
methods were recorded on the rubrics and the sessions were videotaped. 
The same data were collected for each lesson in the number sense units. The results from 
each tool were compared and described. In other words, time on task using the virtual tools for 
10-frames was to be compared to time on task using other tools or models such as: concrete 
blocks used in sorting and grouping, concrete place value blocks, electronic blocks using Web 
2.0 Tools, or using stickers, pencils and paper to illustrate counting large numbers. 
Assessments. Quantitative data gathered came from the treatment groups and consisted 
of pre- and post-assessments using the Math Makes Sense program (Pearson, 2007 & 2008) 
rubrics, and the rubrics in the BC Performance Standards, Numeracy (British Columbia, 
Ministry of Education, 2007). Pre-assessment data were collected in January 2012 using 1:1 
demonstration techniques. Post-assessment data were collected in April2012 using the same 
methods as in January 2012. Scores from rubrics were analyzed using the Likert scale. Learning 
outcomes checklists were taken from the BC Performance Standards, Numeracy (British 
Columbia, Ministry of Education, 2007). Detailed notes were recorded in the teacher's journal 
during the assessment periods. These details were used to provide in-depth descriptions of the 
fmdings. 
Non-experimental survey research. Lavrakas (2008) stated that non-experimental 
survey research can be an arrangement of closed-ended and/or open-ended questions, 
observations, and interviews. The purpose of non-experimental survey research is to collect data 
and describe the behaviours, thoughts, and attitudes of a sample of individuals as a snapshot 
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(Lavrakas, 2008). I used the following attitude survey to collect quantitative data on the attitudes 
of my students with regards to their learning in number sense. 
Attitude survey. The attitude survey consisted of 12, teacher-developed, closed 
questions about the use of: (a) the interactive whiteboard; (b) the computers; and (c) the 
electronic ten frame lessons. The purpose of the survey was to measure the attitudes that my 
students had towards the use of technology in learning concepts in mathematics. The data were 
displayed in a table using a nominal scale: yes, no, and I do not know. The following questions 
are a sampling of the questions I used in the attitude survey: Did you like using the interactive 
whiteboard during the 10-frame lessons?; Did the electronic 10-frame lessons for numbers up to 
100, help you understand about making groupings of 1 0?; and Did the electronic 1 0-frame 
lessons help you understand about skip counting by lOs and counting on? (see Appendix B for a 
full listing). 
Qualitative data collection 
The qualitative data were collected from interviews and from documents such as: field 
note checklists, student work samples, my journal entries, and videotaped transcripts. Specific 
number sense data for Grades 1 and 2 was described in-depth. 
Field notes. Tashakkori and Teddlie (1998) mentioned that, in research, observational 
methods are a means of obtaining information on the participants' behaviours rather than what 
their opinions and/or thoughts are. It is important not to make inferences about the participants' 
thinking. Nevertheless, primary students will often think out loud while working on problems. 
Thinking out loud is one of the strategies that are taught at many different grade levels and with 
learning of all ages and abilities. Writing observation notes and keeping checklists during testing 
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periods and working sessions was a nonintrusive way of gathering information on my students. I 
made anecdotal notes and kept checklists of my students while observing their use of strategies 
in action. I observed the use of specific strategies such as grouping by 1 Os, skip counting by 1 Os 
and adding in leftovers for number concepts using numbers up to 100, and making 10 to solve 
addition and subtraction problems for numbers under 20. The data obtained from field notes 
were used as secondary sources to offer descriptive details or explanations that either supported 
or refuted the quantitative findings. 
Interviews. Tashakkori and Teddlie (1998) recommended that interviewing is the best 
method to gather data from children because they do not read and write that well. Audio and 
video recordings are valuable sources of information, especially in the primary grades. They 
pointed out that interview methods can be powerful, providing 1 : 1 interactions between the 
participants and the researcher by allowing for further probing and clarification. I conducted 1 : 1 
interviews with both of my Grade 1 and Grade 2 students at the end of the study. Drawing on the 
work by Janesick (2004), I developed three types of questions: descriptive, contrasting, and 
structural. Each Grade 1 and Grade 2 student was interviewed on video tape at the end of the 
units on number sense which was later transcribed using Microsoft Word and sorted under 
positive attitude or negative attitude towards the type of technology utilized, and the model used. 
The following are some of the questions I used to collect qualitative data: How do you feel 
towards learning mathematics?; We have been learning things in mathematics using concrete 
materials, pencil and paper, and netbooks, what ways do you like learning mathematics the 
most?; and What do you not like about learning math? (see Appendix C for all questions). 
Reflexive journal. Tashakkori and Teddlie (1998) argued that personal knowledge about 
a group is often ignored as a source of data, but this knowledge provides an auxiliary source 
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when interpreting the results of studies. Narrative summaries of my instructional method of 
delivery and of the uses of technology were drawn from my professional journal entries. I kept a 
detailed journal throughout the lessons and testing periods of the study. Journal records helped to 
form and describe baseline data leading up to and following the math periods using 1 0-frame 
lessons. Baseline data enable comparative discussions to be made about the other methods I used 
to teach the various strategies and concepts that form number sense. Keeping a comprehensive 
reflexive journal allowed me to think deeper about my beliefs and behaviours about learning 
with technology. The journal records triangulate data and allowed me to make interpretations 
about the lessons and my students' learning (Janesick, 2004; Sagor, 2000; Tashakkori & Teddlie, 
1998). Journal entries were analyzed using qualitative methods of developing themes and codes 
using Microsoft Word. Then the findings were merged with findings of the other documents and 
were used to describe the quantitative data results. 
Videotaped sessions. The main sources of qualitative data were collected through the use 
of videotaped sessions. All lessons and activities were videotaped. These sessions were later 
transcribed using themes through coding using Microsoft Word. 
Work samples and lesson plans. Student work samples were collected from specific 
performance lessons and described using both quantitative and qualitative methods. Scores or 
marks were organized quantitatively in tables, and described in detail. Most of the number sense 
practice lessons were completed in the Math Makes Sense workbooks (Pearson, 2005, 2008). 
Other forms of practice sessions were done on the computer, or with pencil and paper, stickers, 
or drawings. Student work samples consisted of copies from completed workbook activities. 
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Data Analysis 
In this section, data analysis and presentation strategies that were not described in the 
previous section are discussed. The quantitative methods used in this project were for descriptive 
purposes. The objective of the quantitative data analyses was to provide detailed snapshots or 
images of the use of virtual tools in the learning of number sense concepts, skills, and strategies. 
Commonly-used descriptive data consist of measures of central tendency, relative standing, and 
relationships between variables (Tashakkori & Teddlie, 1998). In this study, measures of central 
tendency were presented. 
The qualitative data analyses followed the procedures of converting narrative data from 
all documents, field note checklists, and videotaped sessions, into processed quantitative data by 
coding it into themes using an inductive approach. Tashakkori and Teddlie (1998) purported that 
qualitative data can be analyzed by using one of two approaches, inductive or deductive. 
Inductive approaches allow themes to emerge from the data and are not predetermined as with 
deductive approaches (Tashakkori & Teddlie, 1998). Other documents such as lesson plans and 
work samples were used as secondary sources. The secondary sources were used for purposes of 
discussion and to give in-depth descriptions. 
Mixed models. Using different sources of data collection helped to establish the 
authenticity of this study, and an attempt at not compromising this study with personal bias. I 
began data collection with pre-assessing each Grade 1 and Grade 2 student on the learning 
outcomes for number sense using two different sets of rubrics for each grade level. The rubrics 
were taken from both the Math Makes Sense programs (Pearson, 2007, 2008) and the BC 
Performance Standards, Numeracy (British Columbia Ministry of Education, 2007), using a 1 : 1 
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demonstration format as recommended by the Ministry of Education (British Columbia Ministry 
of Education, 2000, 2003, 2007). Each student's knowledge and skill level was scored using the 
rubrics. Learning outcomes checklists from the two previously-mentioned sources were used to 
collect observational data during lessons and activities (British Columbia, Ministry of Education, 
2000, 2003, 2007; Pearson, 2007, 2008). I performed this same method of assessment for the 
post-assessment period at the end of the number sense units. During lessons and activities both 
quantitative and qualitative data were collected at the same time. The resulting data were merged 
together to address the research question stated in Chapter 1. 
Quantitative data analysis 
The research question; "How effective are virtual lessons designed using Java, and the 
use oftechnology in mathematics at enhancing students' learning?" was addressed by breaking it 
down into guided questions on what aspects were effective: 
• How much help did students need to use these lessons? 
• How much time do the students spend on task? 
• How many practice problems does each student require to understand the 
concept? 
• Do the students use the strategies learned from the 10-frame lessons during test 
situations? 
• Do students enjoy using the electronic lessons? 
• Do students fmd the images appealing? 
• What levels of achievement do students reach after learning concepts and 
strategies with electronic 1 0-frame lessons? 
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Data were collected to answer these questions which allowed me to determine the 
effectiveness of the electronic 10-frame lessons. A repeated measures design was used to gather 
data on the Grade 1s and Grade 2s. My sfudents were observed and their performance measured 
by me during number sense lessons and activities. Students were timed for task completion, and 
repeated practice was tallied; the number of questions in the student's workbooks were counted 
up and recorded as repeated practice. On- or off-task behaviours, and whenever a student 
required adult help or assistance were also recorded. The previously-mentioned checklists were 
used to record performance during the 10-frame lessons and the other number sense lessons. 
Qualitative data in the form of videotaped transcripts were used to give additional information. 
The 10-frame lessons and other number sense lessons formed the trial periods for this study. The 
trial period began in early January 2012 and end late April2012. The use of technology and the 
effectiveness of the 10-frame lessons were compared to the other methods used in the number 
sense lessons. Data were displayed using tables. 
Assessment rubrics and checklists. The purpose of the quantitative test data collection 
was to discover if there was a connection between the independent and dependent variables 
being studied by testing. The checklists for strategies and assessment materials that I used came 
from the Math Makes Sense programs for Grade 1 and Grade 2 (Pearson, 2005, 2008) that were 
developed by Jeroski (2004). The assessment materials consisted of unit rubrics, investigation 
rubrics, and checklists that were skill based on specific number sense strategies. Jeroski's (2004) 
rubrics were designed to meet the learning outcomes for Grade 1 and 2 number sense in British 
Columbia. The checklists and rubrics were designed to provide descriptive feedback on students' 
progress and enable teachers to make instructional decisions. All of the rubrics used the 
following scale: Not yet within expectations; Meets expectations; Fully meets expectations; and 
74 
Exceeds expectations (Pearson, 2007, 2008). All of the rubrics were aligned with specific 
learning outcomes for numeracy and were directly tied to the lessons (Jeroski, 2004). All of the 
rubrics followed the similar format of the BC Performance Standards, Numeracy (British 
Columbia Ministry of Education, 2007), and were meant to provide students, teachers, and 
parents with snapshots of the students' learning (Pearson, 2005, 2008). 
These assessment rubrics were performance-based, criteria-referenced assessments which 
were meant to be used by teachers as diagnostic tools (Pearson, 2007, 2008). The assignment 
rubrics provide both formative and summative assessment feedback based on student 
achievement of specific strategies and skills. The assessment rubrics detailed students' levels of 
concept attainment and skill level achievement. 
The other assessment rubrics and observational learning outcomes checklists that I used 
came from the performance standards for number sense for Grade 1 and Grade 2, found in the 
BC Performance Standards, Numeracy K-1, and Grade 2 (British Columbia Ministry of 
Education, 2007). These materials were based on the learning outcomes for Mathematics, for 
Grade 1 and Grade 2 number sense concepts and skills. These rubrics and checklists were the 
types of assessment that use criterion-referenced approaches to evaluate students' progress, and 
allow teachers to compare students' performances to provincial standards. The BC performance 
standards were intended to be used as formative and summative assessment enabling teachers to 
monitor, evaluate, and report on individual student performance (British Columbia Ministry of 
Education, 2000, 2003, 2007). 
Qualitative data analysis 
In this educational research project, I adopted the role of participant observer by 
conducting the research and participating by being the teacher. I am a natural participant with a 
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high level of involvement with the subjects of interest (Creswell, 2008). I analyzed information 
on my teaching and my students' learning and attitudes that I collected within the context of my 
classroom. The bulk of the data collected was qualitative. I merged the qualitative data with the 
quantitative data in hopes of revealing information or areas of interest that could lead to further 
study or exploration. This approach is a form of triangulation design analysis (Creswell, 2008). 
The purpose of using specific qualitative research methods in my study was to learn from 
my students by describing and understanding their perspectives and behaviours while learning 
number sense concepts using technology. During the course of the study I videotaped all lessons 
and activities with my Grade 1 and Grade 2 students. Videotaping can sometimes be considered 
intrusive; however, my students are used to be photographed and videotaped during a variety of 
activities. While it is unusual for my students to have the video camera on a tripod while filming 
lessons, I was confident that they would quickly ignore the camera and act naturally during the 
study period. 
Qualitative data analysis through an in-depth, case study approach has me to verify if the 
electronic 1 0-frame lessons, as well as the different technologies we used in our class were 
enjoyable and motivating for my students, or not. Data analysis through qualitative methods 
consisted of transcripts made from all documents: interviews, field notes, journal entries, and 
videotaped lessons, and open-ended interview questions between the teacher, and the Grade 1 
and Grade 2 students using emerging themes through coding using Microsoft Word. Much of the 
data overlapped, such as strategies used, repeated practice, and number of times students asked 
for help. Overlapped data were already revealed in checklists and displayed in tables. Therefore 
the themes selected reflected the fmdings that were not previously revealed through quantitative 
methods. Words, phrases, questions and statements were sorted and categorized under the 
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following headings: (a) positive towards the use oftechnology, (b) negative towards the use of 
technology, (c) positive towards the learning of mathematics, (d) negative towards the learning 
of mathematics, (e) positive towards the use of applets, (f) negative towards the use of applets; 
(g) positive towards the use of other electronic models, (h) negative towards the use of other 
electronic models, (i) positive towards the use of concrete materials, and G) negative towards the 
use of concrete materials. Examples of the qualitative findings are as follows: Positive towards 
the use of technology: 
• Can I do this on the computer? 
• Can I have a turn on the SMARTBoard? 
• I like playing games on the SMAR TBoard. 
Negative towards the use of technology: 
• Students were having problems scrolling on the netbooks, so I let them use the 
laptops. 
Positive towards the use of applets: 
• Can I do some more of these? 
• I love them. 
Coded data from the documents mentioned in the section pertaining to qualitative data 
sources were totaled up and displayed in tables. These results were used to answer the research 
questions and explain outcomes, observations and other findings. Sharing, discussing, and 
comparing lessons and student work samples was done using narration. 
Summary 
Chapter 3 presented the mixed model case study research methodology employed for this 
project. It gave the reasons for this choice of model, discussed data collection methods, and the 
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data sources. The purpose of this project was to provide an in-depth description of using virtual 
10-frames in primary number sense operations with Grade 1 and Grade 2 students, and determine 
the effectiveness of these electronic models, and of the technology used. Quantitative data were 
collected using pre-and post-assessment rubrics to determine growth in achievement. Pre-
assessments were collected on each student in January 2012, and post-assessments were 
collected in April2012. The growth in academic achievement between January 2012 and April 
2012 was compared to one another. Quantitative attitude survey data were collected through an 
interview process given by the teacher in April2012, at the end of the study. Attitude survey data 
were used along with the qualitative interview data to reveal the students' attitudes and feeling 
towards the use of technology and electronic models to determine how motivating and effective 
they are in mathematics. Several methods of qualitative and quantitative data were collected for 
the purposes of triangulation to reduce personal bias and to provide thick description for the case 
study. Qualitative and quantitative data were collected together at the same time during all 
lessons and activities using videotaped sessions. Math Makes Sense observational checklists 
were used to record strategies used, and teacher designed field observational checklists were 
used to record additional information. Teacher designed checklists recorded the following: types 
of model used, time on task, repeated practice, needing help, and use of strategies specific to 
number sense operations. Additional qualitative data were collected from other documents such 
as teacher reflexive journal entries, field notes, and student work samples. Qualitative data 
fmding were themed and coded and were merged together. The themes displayed results that 
either supported or refuted the use of technology and applets in mathematics. 
Educational research projects allow the practitioner the opportunity of using self-study to 
understand one's own practice (Sagor, 2000). The small population size of my class gave me the 
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prospect to study educational phenomenon more closely and in-depth (Creswell, 2008; 
Tashakkori & Teddlie, 1998). Using a mixed methods model allowed the quantitative findings to 
be supported or refuted with the qualitative findings (Creswell, 2008; Kitchenham, 2009, 
Tashakkori & Teddlie, 1998). The trustworthiness of a mixed methods research and resulted 
findings was realized through numerous strategies built into data collection and analysis 
(Creswell, 2008; Kitchenham, 2009; Sagor, 2000; Tashakkori & Teddlie, (1998). Together, all of 
data were collected using different strategies to foster credibility, dependability, and 
confirmability. I believe that the specific strategies I used have achieved transferability of the 
findings of this study and ensured rigor. 
In the next chapter, I will present the results of my research. Chapter 4 shares the details 
of the data collected from units of study in number sense that began in January 2012, and ended 
in April2012. Academic growth measured using pre-and post-assessment rubrics and checklists 
will be compared and discussed. Chapter 4 describes in-depth the use of technology, the applet 
10-:frames, and other models and determines their effectiveness in the learning of number sense 
operations with primary students. Information from checklists and observations demonstrates the 
strategies and skills learned and used during lessons and activities. Surveys, interviews, and 
coded transcripts validate the effectiveness of the applets and of the technology used through the 
thoughts, feelings, and attitudes that the students had about using them in mathematics. 
in-depth descriptions to ensure trustworthiness, transferability, and confirmability. The 
qualitative data provide the thoughts and feelings of the students towards the use of technology 
in mathematics. The use of quantitative data produces results that are robust. 
Quantitative Findings 
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I collected quantitative data from pre- and post-assessments, rubrics, observation 
checklists, and attitude survey questions. I present the data from performance-task assessments 
with corresponding student work samples. I merged the qualitative data with quantitative data to 
give a clear explanation of the task assessment findings. I begin this section by presenting 
quantitative assessment data fmdings. 
Assessment. The purpose of the assessment is to determine each student's strengths and 
weaknesses, and to see where they lie within the continuum of the learning outcomes for children 
of the same age group. One-to-one assessments requiring students to demonstrate their 
knowledge and use of strategies are valuable sources of information because they provide an in-
depth look at the thinking and skills a student has already mastered. In-depth pre-assessments 
provide clearer pictures of growth leading to the credibility and dependability of the results of 
the data. 
Pre-assessments. I gathered pre-assessment data on students early in January, 2012 using 
1:1 demonstration methods. I used The Numeracy Performance Standards, BC Early Numeracy 
Project (K-1) (British Columbia Ministry of Education, 2007) as a pre-assessment for both 
grades. I followed the performance standards by asking the questions specified and by having 
students perform specific tasks. I used the descriptors for rating each student's performance 
found in the Early Assessment Record Sheet Using Numeracy Performance Standards for 
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Gradel (BC MoE, 2007). In addition, I used the assessment rubrics from the performance 
standards for number sense for Grade 1 and 2 to measure students' progress with concepts and 
skills for their ages, found in the BC Performance Standards, Numeracy (BC MoE, 2007). I 
conducted a pre- and post-assessment rating on each student using the quick scale assessment 
rubrics from the performance standards for numeracy for Grade 1 and Grade 2, BC Performance 
Standards, Numeracy (BC MoE, 2007). 
The record sheets I used to gather the assessment data are divided into three sections: 
Numeracy Skills, Number Concepts, and Visual-Spatial. Each of the three sections consists of 
criteria used for the rating of student performance (see Appendix D). I omitted any data from 
math concepts, skills, and strategies that are not related to number sense in the data presentations. 
I documented the results of the pre-assessments on The Numeracy Performance Standards record 
sheets as each student responded to the questions or performance tasks (BC MoE, 2007). The 
data from the performance tasks are displayed in Table 2. For purposes of privacy I used 
pseudonyms in place of the names for each of the students when displaying their data. 
The fmdings displayed in Table 2 show that in early January, one Grade 1 student was 
better at using numbers to answer general questions than the other student. Both Grade 1 students 
recognized the number represented by four of the seven dot pattern cards without counting. Both 
Grade 1 students scored the highest rank for matching sets to numerals, placing numbers in 
order, and counting backwards from 10, and 20 by ones. One student had a percent score for 
accurately counting orally by ones, twos, fives, and lOs to 100. The other Grade 1 student who 
scored a "two" counted to 100 without any errors only when skip counting by 5s and 1 Os. The 
Grade 1 students preformed at the same level for most areas. They could estimate items between 
10 and 15, but not 20. They used 1:1 correspondence to count objects, and they both had to 
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Table 2 
Early Assessment Record Sheet Using Numeracy Performance Standards, Grade 1 and 2, Pre-
assessment, January, 2012 
As12ect ofNumeracy Item# Student Grade 1 Grade 2 
scores Bill Cindy Dave Ellen 
Mathematical Awareness 1 #out of6 4 3 5 4 
Recognizing Dot Patterns 2 #out of7 4 4 7 7 
Matching Numerals and Sets 3 #out of6 6 6 6 6 
Ordering Numerals 4 #out of10 10 10 10 10 
Counting Forward to 100 5 #out of4 2 4 4 2 
Counting Back by ones 6 #out of2 2 2 2 2 
Estimate and Check 7 #out of2 1 1 2 2 
Counting On!Invariance 8 #out of4 2 2 4 4 
Build and Change 9 #out of4 3 3 4 4 
Problem Solving 11 #out of2 0 0 1 1 
Reading Numerals 13 #outof8 3 4 7 6 
Numeral Printing 14 #out of 18 8 10 14 12 
recount after adding or subtracting items from a set. When re-arranging the items in a set, both 
Grade 1 students could say the number in the set without recounting. Neither student could 
complete the problem solving question, scoring zero out of two. Both Grade 1 students were 
weak at reading two digit numerals beyond 10, and beyond 20, and at printing two-digit 
numerals, and therefore scored considerably below the perfect scores of eight and eighteen. 
Table 2 indicates that the Grade 2 students were better at answering general questions 
using numbers than the Grade 1 students. Both of the Grade 2 students showed strengths at 
recognizing all of the dot pattern cards. The Grade 2 students performed the same as the Grade 1 
students on identifying sets and numerals, and putting numbers in order, and with counting 
forward to 100, and counting back by ones. One Grade 2 student counted orally from one to 100 
by ones, twos, fives and 10's without any errors. The other Grade 2 student counted orally from 
one to 100 by fives and lO's without any errors. Both Grade 2 students performed better than the 
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Grade 1 students on estimating items beyond 20 without counting, and at counting a set after 
adding to it without re-counting the original set. Both Grade 2 students out scored the Grade 1 
students at counting back for subtraction. Both of the Grade 2 students out performed the Grade 
1 students in other areas such as problem solving, reading number words and identifying two or 
more digit numerals. The Grade 2 students could each complete one of the problem solving 
questions. The Grade 2 students could read and print most of the two digit and three digit 
numerals. 
I then used the key scoring criteria from The Numeracy Performance Standards, BC 
Early Numeracy Project (BC MoE, 2007) to rate each student (see Appendix D). The ratings are 
presented in Table 3. 
The summary results of Table 3 indicate that all of the students in this study have 
strengths in working with sets, understanding ordinal numbers, and counting using 1 : 1 
correspondence. Students who scored the highest ranking of five can work with numbers up to 
100 accurately. Two of the students are weaker in oral counting forward and backwards. One of 
the Grade 1 students is weaker at reading numbers beyond 10 and printing numerals beyond 20. 
One of the Grade 1 students can work with numbers up to 10, but is not as familiar with two digit 
numbers beyond 10 when printing numbers and reading number words as the other students. 
The Grade 2 students received the highest ranking because they are better at estimating, 
counting on, building, and re-arranging sets using numbers up to 100 than both of the Grade 1 
students. The Grade 2 students are more comfortable with using grouping and skip counting 
strategies than the Grade 1 students. All of the students had difficulties with problem solving 
concepts, but the Grade 2 students were able to complete one of the problems, whereas the 
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Table 3 
Summary of Early Numeracy Assessment Responses Record Sheet, Grade K-1, Pre-assessment, 
January, 2012 
Sections and Items 
Number Skills 
# 3 Matching Numerals and Sets 
# 4 Ordering Numerals 
# 5 Counting Forward 
# 6 Counting Backward 
# 13 Reading Numerals 
# 14 Printing Numerals 
Number Concept Items 
# 7 Estimate and Check 
# 8 Invariance/Counting On 
# 9 Build and Change 
# 11 Problem Solving 
Visual Spatial Items 
# 2 Recognizing Dot Patterns 
Student Rating Levels 
Grade 1 Grade 2 
Bill Cindy Dave Ellen 
5 5 5 4 
5 5 5 5 
3 5 5 3 
2 4 5 2 
3 4 5 4 
3 4 5 4 
3 
3 
3 
1 
2 
3 
3 
3 
1 
2 
5 
5 
5 
2 
5 
5 
5 
5 
2 
5 
Grade 1 students were not. The Grade 2 students were able to recognize all of the dot pattern 
cards while both Grade 1 students were weaker at recognizing dot patterns for numbers beyond 
10 
Pre-assessment rubrics. After completing the summary results for student's 
performance demonstration, I rated each student on their pre-assessment knowledge and skills 
using the quick scale rubrics for their grade level tasks (BC MoE, 2007). The scales used reflect 
the target areas for March-April, these rubrics will be used again for post-assessments. All of the 
BC Performance Standards for Numeracy use the same Likert scale for rating performance on 
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tasks (BC MoE, 2007). A rating of"one" indicates that the student is not meeting the learning 
outcomes. A rating of"two" indicates that the student is minimally meeting the learning 
Table 4 
Quick Scale Rubric for Grade 1 Numeracy, BC Performance Standards: Numeracy, January 
Assessment 
(Grade 1 Numeracy rubric rating) 
Standards Student 
Bill Cindy Median 
Dispositions and Applications 2 3 2.5 
Strategies and Approaches 2 2 2 
Accuracy 2 3 2.5 
Representation and Communication 1 2 1.5 
outcomes. A "three" means that the student is meeting the learning outcomes for their grade. A 
"four" means that the student is exceeding the learning outcomes. The results of the pre-
assessments for the Grade 1 students are presented in Table 4. 
The results from the quick scale rubric shown in Table 4 indicates that one of the Grade 1 
students was minimally meeting the spring learning outcomes in three of the areas and was not 
meeting expectations for representing numbers using models, recording numbers by printing or 
by drawing, and by being unable to talk about the strategies using proper terminology. The other 
student was meeting the learning outcomes for two of the areas required. The Grade 1 student 
with the higher ratings was proficient with oral counting skills to 100 and therefore was meeting 
expectations. The other student was minimally meeting expectations because of their weakness 
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Table 5 
Quick Scale Rubric for Grade 2 Numeracy, BC Performance Standards: Numeracy, January 
Assessment 
(Grade 2 Numeracy rubric rating) 
Standards Student 
Dave Ellen Median 
Concepts and Applications 3 2 2.5 
Strategies and Approaches 3 2 2.5 
Accuracy 3 3 3 
Representation and Communication 3 2 2.5 
in counting backwards, and making several errors while counting forwards to 100. The student 
could, however, skip count to 100 by five's and by 10's with only a few errors. The higher 
ranking student was beginning to use mathematical terms, and was showing an understanding 
when discussing the tasks at hand. Grade 1 children typically start at these levels, from not 
meeting, to exceeding, and their growth is measured on a scale of continuum throughout the 
primary grades, Kindergarten to Grade 3. 
The results from the Grade 2 students' assessments are displayed in Table 5, and they too 
fall along the same continuum as the Grade 1 students with similar learning outcomes. Many of 
the learning outcomes are similar for both grades. The main difference is that there are increases 
in the sizes of sets working with 10 to 100. Grouping skills and addition and subtraction skills 
grow by increasing the number of tasks using two digit numbers and beyond. 
The results from Table 5 indicate that one of the students was already meeting the 
learning outcomes for all of the areas, while the other student was minimally meeting in three 
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Table 6 
Early Assessment Record Sheet Using Numeracy Performance Standards, Grade 1 and 2, Post-
assessment. April, 2012 
As12ect ofNumeracy Item# Student Grade 1 Grade2 
Scores Bill Cindy Dave Ellen 
Mathematical Awareness 1 #out of6 4 3 5 4 
Recognizing Dot Patterns 2 #out of7 6 6 7 7 
Matching Numerals and Sets 3 #out of6 6 6 6 6 
Ordering Numerals 4 #out of 10 10 10 10 10 
Counting Forward to 100 5 #out of4 4 4 4 4 
Counting Back by ones 6 #out of2 2 2 2 2 
Estimate and Check 7 #out of2 2 2 2 2 
Counting On/Invariance 8 #out of4 4 4 4 4 
Build and Change 9 #out of4 4 4 4 4 
Problem Solving 11 #out of2 2 2 2 2 
Reading Numerals 13 #out of8 7 7 7 6 
Numeral Printing 14 #out of 18 15 16 16 16 
areas while meeting expectations in accuracy of adding and subtracting numbers up to 20. The 
student with the lower ratings was making several errors in oral counting skills past 50, and was 
not able to communicate her use of strategies while performing the tasks. 
Post-assessments. The purposes of post-assessments rubrics and demonstrations are to 
determine each student's growth or achievement by rating where they fall within descriptions of 
the learning outcomes for their grade. As with the pre-assessments, the post-assessments I 
carried out used 1 : 1 student demonstration format. 
I gathered post-assessment data on each student early in April, 2012 after completing 
three units of number sense for Grade 1, and two units in number sense for Grade 2. I used the 
Numeracy Performance Standards, BC Early Numeracy Project (K-1) as a post-assessment for 
both grades (BC MoE, 2007). Again, I followed the descriptors and had students perform the 
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Table 7 
Summary of Early Numeracy Assessment Responses Record Sheet, Post-assessment, April, 2012 
Sections and Items Student Rating Levels 
Grade 1 Grade2 
Number Skills Bill Cindy Dave Ellen 
# 3 Matching Numerals and sets 5 5 5 5 
# 4 Ordering Numerals 0-9 5 5 5 5 
# 5 Counting Forward 3 5 5 4 
# 6 Counting Backward 3 4 5 5 
# 13 Reading Numerals 3 4 5 4 
# 14 Printing Numerals 3 4 5 4 
Number Concept Items 
# 7 Estimate and Check 4 4 5 5 
# 8 lnvariance/Counting On 4 4 5 5 
# 9 Build and Change 4 4 5 5 
# 11 Problem Solving 3 3 4 4 
Visual Spatial Items 
# 2 Recognizing Dot Patterns 4 4 5 5 
tasks required in the Early Assessment Record Sheet Using Numeracy Performance Standards 
for Grade 1, as I did for the pre-assessments (BC MoE, 2007). The post-assessments took about 
the same amount of time as the pre-assessments, and I used the same materials in both 
assessments. In addition, I assessed Grade 1 and 2 students using the assessment rubric from the 
performance standards for number sense for Grade 1 and 2 (BC MoE, 2007). These rubrics 
measure the students' progress with concepts and skills for their age (BC MoE, 2007). 
The record sheets from the post-assessment data followed the same formats that were 
used in the pre-assessments. Table 6 shows the data from the Early Assessment Record Sheet 
Using Numeracy Performance Standards (BC MoE, 2007). 
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Table 8 
Pre- and Post-assessments of Grade 1 and Grade 2 Student Performances 
Aspect ofNumeracy Grade 1 Grade 2 
Possible Assessments Assessments 
Scores Pre- Post- Pre- Post-
Bill Cindy Bill Cindy Dave Ellen Dave Ellen 
Mathematical Awareness 6 4 3 4 3 5 4 5 4 
Recognizing Dot 7 4 4 6 6 7 7 7 7 
Patterns 
Matching Numerals and 6 6 6 6 6 6 6 6 6 
Sets 
Ordering Numerals 10 10 10 10 10 10 10 10 10 
Counting Forward to 1 00 4 2 4 4 4 4 2 4 4 
Counting Back from 10 2 2 2 2 2 2 2 2 2 
Estimate and Check 2 1 1 2 2 2 2 2 2 
Counting On/Invariance 4 2 2 4 4 4 4 4 4 
Build and Change 4 3 3 4 4 4 4 4 4 
Problem Solving 2 0 0 2 2 1 1 2 2 
Reading Numerals 8 3 4 7 7 7 6 7 6 
Numeral Printing 18 8 10 15 16 14 12 16 16 
Results 
The outcomes of the post-assessments shown in Table 6 indicate that on the whole, all of 
the students were making growth in almost all of the areas for number sense. In many aspects, 
both Grade 1 and Grade 2 students scored perfect scores. There were only four aspects where 
they did not. Grade 1 students improved in their abilities to recognize dot patterns for two digit 
numbers, count to 100, estimate using larger numbers; they could start at any given one or two 
Table 9 
Summary of Early Numeracy Assessment Responses Record Sheet, Pre- and Post-assessments 
for Grade 1 and 2 
Student Rating Levels 
Sections and Items Grade 1 Grade 2 
Assessments Assessments 
Pre- Post- Pre- Post-
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Number Skills Bill Cindy Bill Cindy Dave Ellen Dave Ellen 
# 3 Matching Numerals and sets 5 5 5 5 5 4 5 5 
# 4 Ordering Numerals zero-nine 5 5 5 5 5 5 5 5 
# 5 Counting Forward 3 5 3 5 5 3 5 4 
# 6 Counting Backward 2 4 3 4 5 2 5 5 
# 13 Reading Numerals 3 4 3 4 5 4 5 4 
# 14 Printing Numerals 3 4 3 4 5 4 5 4 
Number Conce.Qt Items 
# 7 Estimate and Check 3 3 4 4 5 5 5 5 
# 8 Invariance/Counting On 3 3 4 4 5 5 5 5 
# 9 Build and Change 3 3 4 4 5 5 5 5 
# 11 Problem Solving 1 1 3 3 2 2 4 4 
Visual S.Qatial Items 
# 2 Recognizing Dot Patterns 2 2 4 4 5 5 5 5 
digit number and count on; they could rearrange sets for numbers beyond 20, solve problems, 
and print numerals for all two digit numbers, and some three digit numbers, but not beyond that. 
Grade 2 students improved their problem solving abilities, counting skills, and printing of larger 
numbers. 
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After I recorded each students' performance skills, I then rated their levels of 
performance by using the criteria found in Summary of Early Numeracy Assessment Responses 
Record Sheet, Grade K-1 (BC MoE, 2007) (see Appendix D). The results are shown in Table 7. 
The results shown in Table 7 indicate that each of the students have shown growth in all 
areas except for counting backwards. One student has shown growth in his abilities to count 
backwards from 10, but he still made a couple of errors counting backwards from 20. The Grade 
1 students showed growth in all of the number concept sections and items, especially in the area 
of problem solving. One of the Grade 2 students showed growth in number skills, especially in 
oral counting, reading words, and recognizing larger numerals. Next, I compare the progress of 
the Grade 1 and 2 students and the results are displayed in Table 8. 
The results presented in Table 9 show that the students made progress in almost all of the 
aspects of number sense operations except in the areas where they had already received a rating 
of"five". The ranking for the Grade 1 students on items 13 and 14 remained the same; however, 
they were becoming more familiar with working on concepts involving two digit numbers. 
Overall, the Grade 1 students made the most progress and were beginning to move from relying 
on models to solve problems to using mental strategies and visual memory. 
Performance Standards: Numeracy Rubric. Besides rating each student using the Early 
Assessment Record Sheet Using Numeracy Performance Standards for Grade K-1, I rated their 
performances using the performance standards assessment rubrics for their grade levels (BC 
MoE, 2007). The results are displayed in Table 10 for Grade 1 students and Table 11 for Grade 2 
students. 
Table 10 
Rating Scale Rubric for Grade 1 Numeracy, BC Performance Standards: Numeracy, April 
Assessment 
Standards Student 
Bill Cindy Median 
Dispositions and Applications 
Strategies and Approaches 
Accuracy 
Representation and Communication 
3 
4 
3 
3 
3 
4 
4 
4 
3 
4 
3.5 
3.5 
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The results shown in Table 10 indicate that both Grade 1 students are meeting 
expectations in making sense out of simple mathematical situations, and they are increasing the 
range of skills that they use. Both students still require prompting from time to time to decide 
which strategies they must use to solve problems. Often they will naturally resort to 1: 1 . 
correspondence when counting. Both students are increasing their estimation skills and they 
show gains in their accuracy. Both Grade 1 students exceeded expectations under strategies and 
approaches because they each showed increased levels of confidence when given a wider range 
of problems to solve. They showed perseverance and flexibility at trying different approaches to 
come up with solutions. One student exceeded in accuracy and communication. This student was 
better at articulating her thinking. The other student was very close to exceeding expectations in 
accuracy, but was still making reversals when printing numerals and required prompting when 
Table 11 
Rating Scale Rubric for Grade 2 Numeracy, BC Performance Standards: Numeracy, April 
Assessment 
Standards 
Concepts and Applications 
Strategies and Approaches 
Accuracy 
Representation and Communication 
Student 
Dave Ellen Median 
4 
4 
3 
4 
3 
3 
3 
3 
3.5 
3.5 
3 
3.5 
counting backwards. The results of the Grade 2 performance standards post-assessments are 
displayed in Table 11. 
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Both Grade 2 students showed growth in their understanding and skill development in 
number sense. One of the students exceeded expectations in three of the four areas. In concepts 
and applications, he demonstrated proficiency at applying appropriate skills and strategies to 
simple problems independently, while the other student required some support and prompting 
from the teacher. Both students demonstrated that they could apply strategies to work with large 
numbers by using the wide range of models accurately and with increased proficiency in their 
approaches. Under "accuracy" both students still made minor errors, and sometimes they 
required prompting to complete some tasks. One student exceeded expectations because of his 
increased ability to communicate the strategies he used to solve various tasks using proper 
vocabulary. 
In the subsequent section, I examine the observation data I gathered using checklists to 
record the various strategies that students are expected to learn during the study period. 
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Observations Checklists. I used the observational checklists from Math Makes Sense 
Programs for Grade 1 and Grade 2 to record the strategies each student used during the cluster 
lessons (Pearson, 2007, 2008). The checklists provided me with evidence to answer the research 
question on the effectiveness of electronic lessons with regards to strategy development and 
model use in number sense. 
Grade 1. In Unit Two, Representing Numbers to 20 for Grade 1, 18 pages and 10 lessons 
were completed, and 31 strategies were covered in the Math Makes Sense workbook (Pearson, 
2007). In Unit Three, Addition and Subtraction to 12, students completed seven lessons, and 18 
pages in their Math Makes Sense workbook, and 21 strategies were observed (Pearson, 2007). In 
Unit Five, Numbers to 100, students completed six lessons, 13 pages, and used 15 strategies 
(Pearson, 2007). 
In all of the units and lessons that the Grade 1 students completed, I observed them using 
the required strategies. Table 12 shows the different models that were used with the Grade 1 
students while learning during three units on number sense, and how many times that type of 
model was used. Some tasks required students to use more than one model. In some cases using 
the model was also the strategy. 
In Table 12, Unit Two introduced number concepts up to 20. Concepts include matching 
numerals to words and sets, ordering numbers, and developing an understanding of "more" and 
"less." Unit Three comprised of concepts working with numbers up to 20. Strategies such as 
"making 1 0" and "doubles" are introduced. In Unit Five, students learned to sort items into 
groups and skip count. Students developed an understanding of two digit numbers. 
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Table 12 
Results Showing the Types of Models Used During the Three Units Covered for Number Sense 
by Grade 1 Students and the Total Number of Times that Model was Used 
Models and Technology Used Units 
Two % Three % Five % Total % 
Pictures in workbook 2 12 2 11 1 8 5 10 
Web 2.0 Tools and Pictures 0 0 3 17 1 8 4 8 
Web 2.0 Tools, Pictures, and Drawing 3 18 0 0 0 0 3 6 
Web 2.0 Tools 0 0 3 17 0 0 3 6 
Web 2.0 Tools and Stickers 2 12 0 0 0 0 2 4 
Applets 1 6 5 28 4 31 10 21 
Applets and Drawing 6 35 0 0 0 0 6 13 
Applets, Drawing, and Stickers 0 0 0 0 3 23 3 6 
Applets and Pictures 0 0 4 22 0 0 4 8 
Pictures and Concrete Materials 0 0 0 0 3 23 3 6 
Concrete Materials 3 18 1 6 1 8 5 10 
Total: 17 18 13 48 
Results 
The results shown in Table 12 reveal that in Unit Two, the applets were used as a model 
in some combination for 41% of the tasks; concrete materials were used alone or in combination 
for 18% of the tasks, and other electronic manipulatives were used alone or in combination for 
30% of the tasks. Using the pictures in the workbook happened in 12% of the activities. 
Drawings were used in combination for 53% of the tasks. Applets and other electronic models 
were used 71% of the activities (n = 17). During Unit Three, Addition and Subtraction of 
Numbers Up to 12, applets were used in combinations or alone for 50% ofthe tasks. Other 
virtual manipulatives were used in 34% of the tasks, and concrete materials 6%. Applets and 
other electronic models were used in combination with other models for 84% of the activities (n 
96 
Table 13 
Results Showing the Types of Models Used During the Two Units Covered for Number Sense by 
Grade 2 Students and the Total Number o(Times that Model was Used 
Models and Technology Used Unit 
Two % Three % Total % 
Pictures in workbook 4 20 4 15 8 17 
Pictures and Drawing 0 0 2 8 2 4 
Web 2.0 Tools 0 0 1 4 1 2 
Web 2.0 Tools and Pictures 3 15 1 4 4 9 
Web 2.0 Tools and 100 Charts 3 15 0 0 3 7 
Web 2.0 Tools and Drawing 0 0 5 19 5 11 
Applets and Drawing 0 0 1 4 1 2 
Applets, Drawing, and Pictures 0 0 3 12 3 7 
Applets, Pictures, Stickers and Concrete Materials 2 10 0 0 2 4 
Applets, Drawing, and Stickers 2 10 0 0 2 4 
Applets, Drawing, and Concrete Materials 2 10 0 0 2 4 
Applets, Web 2.0 Tools, and Pictures 0 0 3 12 3 7 
Applets, Web 2.0 Tools, and Drawing 0 0 3 12 3 7 
Stickers 1 5 1 4 2 4 
Drawing, Stickers and Concrete Materials 2 10 0 0 2 4 
Mental Math 0 0 1 4 1 2 
Flashcards 1 5 1 4 2 4 
Total: 20 26 46 
= 18). In Unit Five, Numbers Up to 100, the applets were used alone or in combination with 
other models in 34% of the activities (n = 13). The use of pictures as models alone or in 
combination occurred in 49% of the activities; other electronic models occurred in 8% of the 
tasks, and concrete materials alone or in combination occurred in 31% of the activities. Applets 
and other electronic models were used 42% ofthe time (n = 13). 
In all three units, the applets were used as a model in some combination for 48% of the 
tasks, concrete materials were used alone or in combination for 16% of the tasks, and other 
electronic manipulatives were used alone or in combination for 24% of the tasks. Applets and 
other electronic models were used for 50% of the tasks (n = 48). 
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Grade 2. The Grade 2 students completed two units in number sense. Unit Two, Working 
with Large Numbers to 100, I collected data on 23 pages, 12lessons, and 29 strategies. The data 
I collected on unit two strategies and models are displayed in Table 13. The data I collected on 
Unit Three, Addition and Subtraction to 18, consisted of22 pages, 13 lessons, and 27 strategies 
and the results are presented in Table 13. 
In Unit Two, Working with Numbers to 100, the applets were used alone or in 
combination for 30% ofthe tasks, pictures were used alone or in combination for 35% of the 
activities, drawings were used alone or in combination for 10%, concrete materials were used 
alone or in combination for 20% of the tasks, and other electronic manipulatives were used alone 
or in combination for 30% of the activities (n = 20). During Unit Three, Addition and 
Subtraction of Numbers up to 18, applets were used alone or in combination for 40% of the 
activities. Other virtual manipulatives were used alone or in combination with other models, 
except with the applets, for 27% of the tasks, and 51% when including the applets ; pictures were 
used alone or in combination for 51% of the activities (n = 26). 
Results 
The overall results for Grade 2 students were that the students used applet models alone 
or in combination for 44% of the tasks, concrete models alone or in combination for 12% of the 
activities, pictures alone or in combination for 44% of the tasks, drawings alone or in 
combination for 43% of the tasks, stickers alone or in combination for 12% of the activities, and 
other electronic models alone or in combination for 43% of the tasks (n = 46). 
In the next section, the results of the data that were collected from the performance task 
assessment rubrics are presented. 
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Performance tasks assessment rubrics. Performance tasks assessment rubrics for Grade 
1 students appear seven times in the Math Makes Sense Program for Grade I (Pearson, 2007). 
There are specific performance tasks assessment rubrics for each unit, and there is an 
accumulated task assessment that is taken after the completion of Units Two, Three, and Five. I 
used these performance tasks rubrics to assess the overall development for each Grade 1 student 
near the end of each unit of study. I used the performance tasks assessments twice for each unit 
of study in the Math Makes Sense Program for Grade 2 (Pearson, 2008). I took one assessment 
while the students worked on specified tasks, and the other assessments I took were at the end of 
each unit as a reflection of each student's performance throughout the unit. 
Grade 1. In this section, I display the performance and growth data of the Grade 1 
students while I observed them working through special tasks used for assessment purposes. 
Tables 14 and 15 show how well students performed during the first set of the number sense 
assessment tasks. Students were required to use concrete materials to estimate and build the 
numbers 1 7, and 20 using different arrangements. While performing the tasks, students are 
expected to understand and use the terminology that was introduced during the cluster lessons. 
Tables 14 and 1 j show that one student is exceeding expectations by being able to make 
reasonable estimates and being able to build 17, and 20 eight different ways. This student also 
showed growth in his ability to discuss building numbers in different ways. The other student 
was meeting expectations in all areas before beginning the unit on number representation, but 
during the assessment task, the student demonstrated that she was exceeding expectations by 
being able to build 17, and 20 several different ways. 
Table 14 
Performance Task Math Makes Sense Rubric for Representing Numbers to 20, Page 38 in the 
Workbook, Build 17 Using a Concrete Model 
(Unit Two, Lesson 13, Assessment Master Four, Rubric Rating) 
Standards Student 
Bill Cindy Median 
Conceptual Understanding of Conversation 4 3 3.5 
Conceptual Understanding of Combinations 3 4 3.5 
Procedural Knowledge 1 : 1 correspondence 4 4 4 
Procedural Knowledge Records/Reads 3 4 3.5 
Problem Solving 3 3 3 
Communication Skills 3 4 3.5 
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The student demonstrated growth with her abilities to read and record numerals and 
number words. Both students could demonstrate abilities to count in ways that were not modeled. 
The picture shown below is a copy of one of the performance tasks for building the number 20 
several ways. The Grade 1 students had been building 20 using a virtual model before recording 
their ideas in their workbooks. 
After completing the first two units of study, I assessed the Grade 1 students using a 
rubric that rates their performance on four tasks as they work on different problems. Table 16 
displays the results of the Grade 1 students' growth in problem solving abilities. 
Table 15 
Performance Task Math Makes Sense Rubric for Representing Numbers to 20, Page 39 in the 
Workbook, Built 20 using an Electronic Model and Drawings 
(Unit Two, Lesson 13, Assessment Master Five, Rubric Rating) 
Standards 
Conceptual Understanding 
Procedural Knowledge 
Problem Solving 
Communication Skills 
Bill 
4 
3 
3 
3 
Student 
Cindy 
4 
4 
3 
4 
Median 
4 
3.5 
3 
3.5 
100 
Table 16 indicates that during the problem solving tasks, one Grade 1 student 
demonstrated growth in her ability to estimate and record numbers up to 100. She was exceeding 
expectations with her understanding of part to part to whole relationships by building given 
numbers in different parts and recording the combinations. She could easily identify and discuss 
numbers using "more" and "less." The other student demonstrated that he could build numbers 
many different ways, but he still needed to make corrections when recording numerals and 
flumher words. 
In Unit Three, Addition and Subtraction to 12, I assessed students on two different tasks. 
The first task was to make up an addition or subtraction story using 12. Both students choose to 
create an addition story and the results of their performance are shown in Table l 7. Both students 
could complete the task rated in Table 17 independently. They were able to arrange 12 objects 
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Table 16 
Post Tests Scores of Grade One Students Using Math Makes Sense Rubric for Solve the Mystery 
Pages 50, 51, 53, and 54 in the Workbook 
March Rubric Rating) 
Standards 
Conceptual Understanding 
Procedural Knowledge 
Problem Solving Skills 
Communication Skills 
Bill 
3 
4 
3 
3 
Student 
Cindy Median 
4 3.5 
4 4 
3 3 
4 3.5 
The second performance task required students to repeatedly add and subtract numbers 
up to 10. The students used an electronic 10-frame model using Web 2.0 Tools to build the 
number arrangements for the task and then recorded the results into their workbooks. The 
performance task rating I completed on the Grade 1 students is shown in Table 18. 
The results shown in Table 18 reveal that one student was exceeding in his conceptual 
understanding of adding and subtracting up to 10. The student demonstrated confidence while 
working on the task, and had no difficulties articulating which operation to use following the 
story. However, the student had problems recording the correct symbols; he kept mixing up the 
minus sign with the equal sign and required teacher help to make corrections in this area. The 
other student was able to correctly identify when to add or subtract, but not with the level of 
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Table 17 
Performance Task Using Math Makes Sense Rubric for Addition and Subtraction to 12, Page 82 
in the Workbook, My Story of 12 
(Unit Three, Lesson Nine, Assessment Master Four, Rubric Rating) 
Standards Student 
Bill Cindy Median 
Conceptual Understanding 
Procedural Knowledge 
Problem Solving Skills 
Communication Skills 
Table 18 
3 
3 
3 
3 
3 
4 
3 
3 
3 
3.5 
3 
3 
Petfotmance Task Math Makes Sense Rubric for Addition and Subtraction to 12, Page 83 in the 
Workbook, On and Off the Bus, Achievement Ratings 
(Unit Three, Lesson nine, Assessment Master Five, Rubric Rating) 
Standards 
Conceptual Understanding 
Procedural Knowledge 
Problem Solving Skills 
Communication Skills 
Bill 
4 
3 
3 
3 
Student 
Cindy 
3 
4 
3 
3 
Median 
3.5 
3.) 
3 
3 
Table 19 
Performance Task Math Makes Sense Rubric for Numbers to 100, Pages 136 and 137 in the 
Workbook 
(Unit Five, Lesson Eight, Assessment Master Four, Rubric Rating) 
Standards 
Conceptual Understanding 
ProcedUral Knowledge 
Problem Solving Skills 
Communication 
Bill 
4 
3 
3 
3 
Student 
Cindy 
4 
3 
3 
3 
Median 
4 
3 
3 
3 
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confidence that the previously mentioned student had. The latter student was more capable when 
it came to recording the symbols and mrmera:ls. 
In Unit Five, Numbers to 100, Grade 1 students had to demonstrate their ability to group 
items, skip count, break numbers into groups of 1 Os and ones, record the number of 1 Os, ones 
and the two digit number. I recorded the results of the performance task assessment and 
displayed the results in Table 19. 
Table 20 shows that both Grade 1 students are exceeding expectations on their 
demonstration of procedural knowledge. Both students demonstrated confidence m tlieir abilities 
to organize, draw, and count the buttons. Both students completed the tasks independently 
without help or prompting from the teacher. The Grade 1 students exhibited that they were 
meeting expectations in all of the other areas being assessed. Table 20 shows the overall tatin:g 
for Grade 1 students on Working with Numbers to 100. 
Table 20 
Achievement Rating Math Makes Sense Rubric for Numbers to 100 
(Unit Five, Assessment Master Five, Rubric Ratingfor Achievement) 
Standards 
Conceptual Understanding 
Procedural Knowledge 
Problem Solving Skills 
Communication 
Bill 
4 
3 
3 
4 
Student 
Cindy Median 
4 4 
3 3 
3 3 
3 3.5 
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The results in Table 20 indicate that both Grade 1 students show high levels of 
confidence when it comes to sorting numbers into groups of 10, skip counting by 10, and 
counting on to include the leftovers. One student exceeds expectations in his ability to 
communicate his use of strategies while working with large numbers, he made very few errors 
when grouping items and counting them throughout the unit. He still makes reversals when 
printing numbers. Both students demonstrated that they are capable of grouping numbers and 
recording the groups in several ways. Both students were able to use 10-frames to record large 
numbers independently. 
Grade 2. In this section, I present the performance and growth of the Grade 2 students as 
they completed the special tasks used for assessment purposes. Table 21 shows how well the 
Grade 2 students performed on a task that required them to show the number 62 in three different 
ways. 
Table 21 
Performance Task Math Makes Sense Rubric for Numbers to 100, Build 62 Three Ways 
(Unit Two, Lesson 15, Assessment Master Four, RubriC Rating) 
Standards 
Knowledge/Skills 
Procedutal Kiiowledge 
Problem Solving Skills 
Communication 
TaMe22 
StUdent 
Dave Ellen 
4 4 
4 4 
3 4 
4 3 
Median 
4 
4 
3.5 
3.5 
Performance Task Math Makes Sense Rubric for Numbers to 100, for Achievement 
(Unit Two, Assessment Master Four, Rubric Rating[or Achievement) 
Standards 
Knowledge/Skills 
Procedural Knowledge 
Problem Solving Skills 
Communication 
Student 
Dave Ellen 
4 3 
4 4 
4 3 
4 3 
Median 
3.5 
4 
3.5 
35 
lOS 
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The results shown in Table 22 indicate that both Grade 2 students exceeded expectations 
in many areas. Both students could show 62 in three ways confidently and accurately. Both 
students were at ease showing 62 by drawing the 10-frames, and with using numbers and words. 
One student had to find the words for 62 using the word wall and this is reflected with a lower 
ranking under communication. Both students were able to complete the task and explain their 
answers without help and prompting. Table 22 reveals the ratings I gave to the Grade 2 students 
overall development with th~ir skills and understandings of working with large numbers up to 
100. 
The results of the Grade 2 students' achievement shown in Table 24, indicates that one of 
the students was exceeding expectations in all areas. He required very little help throughout the 
unit, and he did not make many errors. The student demonstrated confidence when grouping 
numbers, skip counting, recording and reading numerals and words. These results are not 
surprising for he was meeting expectations at the beginning of the unit. The other student made 
the most growth, especially in her abilities to skip count, read numerals and number words. She 
solved the problem tasks in the unit with confidence by constructing various answers either 
concretely or electronically, and she could explain her thinking by giving reasonable answers. 
In Unit Three, Grade 2 students worked on addition and subtraction facts to 18. Both 
performance tasks required the students to show related addition and subtraction facts in 
different ways. Facts could be built, drawn and recorded using numerals and words. Table 23 
shows how I rated them on their performance tasks. 
Table 23 
Performqnce Task Math Makes Sense Rubric for Addition and Subtraction to 18 (Unit Three, 
Lesson 15, Assessment Master Four, Rubric Rating) 
Standards Student 
Dave Ellen Median 
Knowledge/Skills 4 3 3.5 
Procedural Knowledge 4 3 3.5 
Problem Solving Skills 4 3 3.5 
Communication 4 3 3.5 
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As shown in Table 2J, one of the Grade 2 students was exceeding expectations in all 
areas for the tasks. That student was able to complete much of the work mentally. The student 
used the pictures on the page for solving the second task. When rearranging the numbers in the 
addition problems, he chose the "making 10" strategy and the doubles strategy. He could explain 
the use of both strategies with confidence and ease. The other student was showing confidence at 
working on these tasks until she reached the last section of the second task. Her work was 
accurate until she got stuck on rearranging the numbers from the subtraction questions into their 
related addition sentences. She became so frustrated that she required teacher assistance to 
complete the task, and that was reflected in all of the areas of the rubric ratings. I used this last 
performance task rubric to measure the overall achievement made by the Grade 2 students in 
their understanding and skill development for addition and subtraction facts to 18. Table 26 
displays the results for the Grade 2 students. 
Table 24 
Performance Task Math Makes Sense Rubric for Addition and Subtraction to 18, for 
Achievement (Unit Three, Assessment Master Five, Rubric Ratingfor Achievement) 
Standards Student 
Dave Ellen Median 
Knowledge/Skills 4 3 3.5 
Procedural Knowledge 4 3 3.5 
Problem Solving Skills 4 3 3.5 
Communication 4 3 3.5 
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The results shown in Table 24 indicate that one of the Grade 2 students has grown from 
meeting expectations to exceeding them in all areas of working with addition and subtraction 
facts. He can explain the strategies that he used to solve problems using related facts. He 
approached the tasks with a high level of confidence and he was able to complete most of the 
work throughout the unit without help. He made very few errors when recording his answers. 
The other student also showed growth, but her level of confidence would fluctuate widely 
between lacking and very high, thus resulting in a meeting expectations rating in all areas. 
Results 
The overall results of the performance tasks assessment rubrics all show that all of the 
students in tills study are either meeting and/or exceeding expectations for their age group. The 
most notable growth was made by one Grade 1 student and one Grade 2 student. Both of these 
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Table 25 
Quick Rating Scale Rubric for Grade 1 Numeracy, BC Performance Standards: Numeracy, Pre-
and Post- assessment 
(Grade 1 Numeracy Rubric Rating) 
Pre-assessment Post -assessment 
Standards Student Student 
Bill Cindy Median Bill Cindy Median 
Dispositions and applications 2 3 2.5 3 3 3 
Strategies and approaches 2 2 2 4 4 4 
Accuracy 2 3 2.5 3 4 3.5 
Representation and communication 1 2 1.5 3 4 3.5 
students have shown growth in their weak areas. Table 25 compares the pre- and post-assessment 
data. 
Table 25 shows that both Grade 1 students made growth in their achievement. One 
student made the most growth especially with his ability to communicate. By April's post-
assessment the student was using the proper terminology during discussions. He could read most 
of the number words and print them. His counting skills improved. Overall, he was showing 
more confidence in his abilities to understand and use the strategies that he learned during the 
period of this study. The other Grade 1 student was already meeting April's learning outcomes in 
early January in dispositions, applications, and accuracy. By the end of April, she had mastered 
most concepts and skills required for Grade 1 number sense. 
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Table 26 
Quick Scale Rubric for Grade 2 Numeracy, BC Performance Standards: Numeracy, Pre- and 
Post- assessment 
(Grade 2 Numeracy Rubric Rating) 
Pre-assessment Post-assessment 
Standards Student Student 
Dave Ellen Median Dave Ellen Median 
Dispositions and applications 3 2 2.5 4 3 3.5 
Strategies and approaches 3 2 2.5 4 3 3.5 
Accuracy 3 3 3 3 3 3 
Representation and communication 3 2 2.5 4 3 3.5 
The results of the numeracy rubric I used to assess the Grade 2 students are displayed in 
Table 26. The pre-assessment taken in early January showed that one student was already 
meeting expectations, and by the end of April, that student had reached mastery in three of the 
four areas. The other Grade 2 student also showed growth in all areas. The student did not reach 
the mastery levels that first student did, but by the end of the study she was meeting expectations 
for her age level. Next, I will examine the fmdings from the quantitative data I gathered from the 
teacher designed checklists. 
Teacher checklists. The quantitative information presented in this section was the data I 
collected to determine the effectiveness of the electronic 10-frame lessons. While I observed the 
Grade 1 and Grade 2 students at work, I recorded their performance during number sense lessons 
and activities. I timed students for task completion and I tallied any repeated practice; I counted 
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up the number of questions in the student's workbooks, and recorded them as repeated practice. I 
recorded on- or off-task behaviours, and whenever a student required adult help. Errors were 
corrected during all lessons and I recorded these as help needed. The 10-frame lessons and other 
number sense lessons formed the trial periods for this study, and the effectiveness of the 10-
:frame lessons were compared to the methods used in the other number sense lessons (see 
Appendix E for tabular data). 
Grade 1. The Grade 1 students used the applets alone or in combination for 42% of the 
models that the Grade 1 students used during the three units of study (n = 68). Web 2.0 Tools 
were used alone or in combination as models for over 28% of the lessons. The total number of 
electronic lessons used with the Grade 1 students, both the applets and the Web 2.0 Tools made 
up over 67% of the models used during the number sense lessons in this study. Students required 
help 52% of the time (n = 117) when using the applets. Students asked questi.ons 46% when 
using the applets alone or in combination with other models (n = 46). Students spent 43% of the 
time using the applet models alone or with other models during this study. The greatest 
occurrence of off task behaviours took place while using the applets alone or with other models, 
91% (n = 32). Repeated practice happened 36% (n = 509) while students were using the applets. 
Over 29% of the lessons did not use any virtual manipulatives; these lessons used drawing, flash 
· cards, pictures, stickers, and other concrete materials. Next, I present data I collected while 
observing the Grade 2 students using the teacher-designed checklists (see Appendix E). 
Grade 2. The Grade 2 students used a variety of models in their two units of study on 
number sense. The applets used alone or in combination formed 3 8% of the models that the 
Grade 2 students used during the two units of study (n = 48). Web 2.0 Tools were used alone or 
in combination for over 42% of the tasks. Students required help 34% of the time (n = 81) when 
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Table 27 
Results of the Video Taped Quantitative Student Attitudes Survey 
Question Numbers 
1 2 3 4 5 6 7 8 9 10 11 12 
Responses 
yes yes yes yes yes yes yes yes yes yes yes yes 
yes yes yes yes yes yes yes yes yes yes yes yes 
yes yes yes yes yes yes yes yes yes yes yes yes 
yes I do not yes yes yes yes yes yes yes no yes yes 
know 
using the applets alone or with other models. The amount of off-task behaviours occurred 6% 
when students used the applets alone or in combination with other models, and was less when 
compared to the Grade 1 students. Repeated practice took place over 39% (n = 395) of the time 
while students were using the applets alone or with other models. Slightly over 8% of the lessons 
did not use any virtual models. Instead these lessons used pictures, flashcards, drawing, using 
stickers and other concrete materials. 
In the next section, I examine the quantitative data I collected on the students' attitudes 
towards the use oftechnology, the applets, and of the other models used in their learning of 
number sense. The attitude survey I conducted consisted of closed questions that I asked while 
conducting 1:1 interviews (see Appendix B). 
Quantitative Student Attitudes Survey 
After I gathered the post-assessment data, I interviewed each student separately. I 
recorded the students' responses on videotape, and later I transcribed the videotapes. 
The data I obtained from the quantitative survey are displayed in Table 27. 
Results 
The results of the quantitative students' attitudes survey displayed in Table 27 were 
overwhelmingly positive for students liking the applets models and for using virtual 
manipulatives in mathematics. The students all enjoyed using computers and the interactive 
whiteboard while learning mathematics. Next, I present and examine the qualitative data. 
Qualitative Findings 
I themed, coded, and quantified the qualitative data that I collected from the various 
documents. The documents I used consisted of teacher reflexive journal entries, transcripts of 
videotaped lessons and activities, field notes, and interview sessions. I begin this section by 
sharing the data I gathered from the reflexive journal entries and the various transcripts. 
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Documents. Data analysis consisted of transcripts made from all documents: interviews, 
field notes, journal entries, videotaped lessons, and open-ended interview questions between the 
teacher, and the Grade 1 and Grade 2 students using emerging or inductively developed themes. 
The coding was accomplished using Microsoft Word. I found that much of the qualitative data 
overlapped with the quantitative data, such as strategies used, repeated practice, and number of 
times students asked for help. Overlapped data that I already presented from the checklists and 
displayed in previous quantitative sections was omitted from this section. Overlapped data were 
not used in this section in the hopes that new findings would emerge, and details of students' 
learning would be described in-depth. The themes selected reflect the findings that I did not 
previously reveal through quantitative methods. I quantified the data that I obtained from the 
words, phrases, questions, and statements that I sorted, and categorized and the results (see 
Appendix G). 
Results 
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Appendix G shows how often the theme words, phrases, questions, and statements 
occurred in the documents. I used the fmdings of these data to determine my students' thoughts, 
feelings, and attitudes towards using technology and the applet lessons in mathematics. The data 
also contain teacher reflexive journal entries on trouble shooting issues that can often occur when 
using technology and programs. There were 84 positive comments made towards using 
technology in mathematics (n = 309). The students looked forward to using the SMARTBoard 
regardless of the type of activity. They enjoyed using the interactive board for playing games, 
using virtual manipulatives, and writing out equations. The negative comments towards the use 
of technology totaled seventy-four. These fmdings coincide with issues the students had using 
the netbooks and SMARTBoard. Some of the problems the students had with their netbooks 
included having to scroll a lot to get images to fit the screen. Changing the resolution settings did 
not fix the problem, so I let my students use the teacher laptops. The students found using the 
laptop easier, and this reduced the number of issues of using the applets and other programs. 
There were 32 issues using the SMARTBoard which had stemmed from having tore-calibrate 
often in the middle of lessons and activities. The classroom is a portable and the interactive 
whiteboard is on a stand rather than mounted to a wall. The technician explained that mounting 
the SMARTBoard would solve the majority of there-calibrating problems, but it would not be 
possible because the classroom was a portable. 
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There were 47 positive comments made from students while they were using the applets. 
They enjoyed the ease of use and they found the images appealing. The students were able to 
develop and practice the appropriate strategies. There were 18 negative comments made while 
using the applets, but 13 of the comments were related to issues using the netbooks and screen 
resolution sizes. These issues disappeared once students switched to using the teacher laptops. 
The other issues were directly related to the applet program's settings that randomly generate the 
number sense problems. Sometimes the same type of problem would occur three or four times in 
a row. For example a student might be required to build the number 99 using the 10-frames. This 
would take the student 5 minutes or more, and once the problem was done correctly, another 
problem would be generated requiring the student to build another equally large number such as 
97 or 96. Another example of an issue related to randomly generate basic facts was when 
students were required to build facts up to 10, and up to 20. Facts requiring students to build 
numbers showing the addition and subtraction of zero and one would sometimes occur in two or 
three times in a row and these questions would become too easy for the students. 
There were 38 positive comments made towards using Web 2.0 Tools or other electronic 
tools. The students loved playing with the images and features. They were anxious to have a turn 
and try out the different features. They enjoyed using these tools on the interactive whiteboard 
and teacher laptops. All 20 of the negative comments made while students used the electronic 
tools were related to issues of using the netbooks. 
Concrete materials included pictures, drawing, stickers, and manipulatives such as 
blocks, counters, and place value sets. The students did not mind using concrete materials in their 
learning of mathematics, but they preferred the use of technology and virtual manipulatives. 
Students made 11 positive comments, and 17 negative comments. There were two workbook 
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Table 28 
Quantitative Evaluation of Interview Response 
Code Number Thematic Category Number of Occurrences Percent 
1.110 Positive for using technology 23 70 
1.120 Negative for using technology 2 6 
1.130 Positive for using applets 8 24 
1.140 Negative for using applets 0 0 
1.170 Positive for using concrete materials 0 0 
1.180 Negative for using concrete materials 0 0 
Total 33 
pages that the Grade 1 students did not have much success with and required my help throughout 
the exercise. These activities required students to circle items into groups of five and then again 
into groups of ten. The items that were pictured were scattered across the top of the page and 
students found the picture confusing. One of the students did not like using stickers or drawing, 
that student preferred the use of technology over concrete materials. 
Next, I present the qualitative fmdings from the open-ended interview. 
Interview questions 
This section reveals the last of the types of data that I collected during this study. Here 
the fmdings of the open-ended questions asked using 1 : 1 interview techniques are revealed. I 
coded and sorted the interview questions and the students' answers, and the results are displayed 
in Table 28. 
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Results 
The results from the qualitative documents and the interviews that I themed and coded 
indicate that the students really enjoyed using technology in learning math, and that they enjoyed 
using the virtual manipulatives, especially the applet lessons. Only one student commented that 
he did not like math because it took too long to do. He did add that he liked learning math on 
computers or with the SMAR TBoard. 
Summary 
The purpose of this project was to examine the effectiveness of applet 10-frame lessons 
and other forms of technology used in teaching number sense strategies to Grade 1 and 2 as 
stated in Chapter 1. In Chapter 2, I shared the limited but positive research carried out on the use 
of technology in mathematics and in the area of virtual manipulatives. In Chapter 3, I outlined 
the mixed methods I used to collect data for this study. In Chapter 4, I presented the data that I 
collected using mixed methodology. I shared pre- and post-assessment information that I 
collected using 1:1 demonstration techniques using the BC Performance Standards, Numeracy 
for Grade 1 and Grade 2. (BC MoE, 2007). In the various Tables I shared my findings of the 
observational data on the different models my students used, and the various strategies I 
observed them using during units on number sense concepts. Additional quantitative data that I 
gathered on various models that were used during the lessons were presented. The data included 
the number of questions that students completed, the number of questions students asked, the 
time it took for students to complete the tasks, off task behaviours, and repeated practice. I 
presented data pertaining to central tendency, but generalizations could not be made for reasons 
previously discussed in Chapter 3. The results of the interviews and surveys I conducted were 
shared during Chapter 4. 
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My overall findings were positive towards the use of technology in mathematics, and 
with the use of the applets. I merged the qualitative data with the quantitative data to give dense 
descriptions of my students' thinking and behaviours while they were learning number sense 
operations. In Chapter 5, I will use the findings to answer my research question. Also, I will offer 
my conclusions of the effectiveness of the virtuallO-frames and the use of technology in 
mathematics, and their implications for educational use and future research. 
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Chapter 5: Discussion and Conclusion 
In Chapter I, I introduced the intention of this project which was to study the 
effectiveness of guided and independent practice I 0-frame lessons and the use of technology in 
primary number sense. Chapter 1 provided information and details about the setting and 
conditions of this study. In Chapter 2, I presented research on the uses of technology and virtual 
manipulatives in mathematics. In Chapter 3, I outlined how I gathered information on lower-
primary students' learning using mixed methods. I explained how I made sense of the data using 
an intrinsic and instrumental case study lens. I collected data on my Grade 1 and Grade 2 
students' thinking, behaviours, and performances while they used technology and different 
models for learning number sense operations. In Chapter 4, I presented the data that I had 
collected and I shared my fmdings, providing in-depth details of my students' learning. I 
revealed the results of the assessments, performance rubrics, observational checklists, surveys, 
and lessons. 
In Chapter 5, the last chapter, I will discuss the Apple IO-frame models and the 
technology used in this study. Secondly, I will review the findings presented in Chapter 4 to 
answer the research question asked in Chapter I. Thirdly I will discuss the implications of using 
virtual manipulatives and technology in mathematics by extracting findings from the literature 
presented in Chapter 2. I will consider the studies on technology and virtual manipulatives in 
mathematics, today's learner, pedagogy, and the use of constructivism approaches pertaining to 
the use of tools. Fourthly, I will make recommendations based on my research fmdings. Lastly, I 
will finish Chapter 5 by reflecting upon the fmdings of this study by drawing from my journal 
records. 
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Conclusions 
The purpose of this study was to investigate the effectiveness of guided and independent 
practice 10-frame lessons and the use of technology in primary number sense. The data were 
gathered from a variety of sources. The virtual1 0-frame lessons were Java applets designed to 
contribute to the development of the following strategies: "making 10", "doubles", adding using 
"one or two more", subtracting using "one or two less", grouping, skip counting, and "counting 
on" or "back". Students' uses of these strategies were observed and recorded during the lessons, 
activities, and assessment sessions. The data obtained from the observational checklists 
presented in Table 12 for Grade 1s and Table 13 for Grade 2s, provided evidence that the 
students were observed using the desired strategies. Students used technology and the applets 10-
frames as their models for all of the lessons requiring the use of concrete 10-frames and counters. 
During other number sense lessons, students used a variety of models such as drawing, pictures, 
concrete manipulatives, dynamic electronic images, flashcards, and 100 charts. Some models 
were used alone, but more often models were used in combinations. 
Students used netbooks, laptops, and an interactive whiteboard during almost all of the 
lessons. The interactive whiteboard was used during the introduction and/or during the guided 
practice stages of almost every lesson. Netbooks and laptops were used during the guided 
practice phase of all10-frames lessons, and with many of the other lessons. Students recorded 
their answers in their workbooks for all of the lessons and task assessments, except for the pre-
and post-assessment sessions. 
Research Question. How effective are virtual lessons designed using Java, and the use 
of technology in mathematics at enhancing students' learning? 
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In order to enhance students' learning in number sense, lessons must be engaging, fun, 
motivating, empowering, and provide some form of feedback that moves the learning forward. 
Lessons must allow students to develop their understandings while they work their way through 
problems. Students should be given opportunities to discuss their reasoning, practice using the 
proper terminology and at recording their answers using the correct symbols (Van de Walle & 
Lovin 2006). The applets give simple feedback in the form of a yes or a no, and require a correct 
answer before generating the next question. The concepts are not leveled by difficulty, but 
instead are randomly generated to provide as much practice as a student requires. Students have 
the power to determine how much practice they need by trying as many problems as they want or 
need. The images used in the applets are dynamic and they change with each question. Using 
virtual images on the interactive whiteboard allowed for discussions and social interactions. The 
applets models provided places for students to record their answers symbolically. 
The data from the checklists displayed in Tables 12 and 13 provided evidence that the 
students were acquiring and using the strategies necessary for their grade levels. The Grade I 
students used the applets as a model in some combination for 48% of their tasks. Applets and 
other electronic models were used for 50% of the tasks (n = 48). The Grade 2 students used 
applet models alone or in combination for 44% of the tasks, and other electronic models alone or 
in combination for 43% of the tasks (n = 46). Recordings on the checklists showed that the 
students were observed using the required strategies while working with the applets. Students 
were observed applying these strategies later on in the study with other tasks. When students 
learn new strategies and apply them with accuracy to other situations, this may suggest that 
deeper understandings of the concepts have internalized in the learners' minds. When 
internalization has occurred, students become proficient at solving problems. Students show 
confidence at applying the strategies that they have learned to new and increasingly difficult 
situations in mathematics. 
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Various assessment methods were used to collect data on each student's progress by 
measuring his or her progress and performances. The assessment data collection methods used 
were typical and acceptable methods for Grade 1 and 2 students learning number sense skills and 
strategies. The assessments data displayed in Chapter 4 all indicated that the students in this 
study made gains or remained at grade level. Table 25 showed that the Grade 1 students began 
the units on number sense weak in their abilities to communicate their reasoning using proper 
terminology while working with models. Both students were limited to one or two strategies to 
solve problems. Only one student could recognize which operation to use when adding and/or 
subtracting and was able to complete all of the tasks with accuracy. At the end of the study, both 
Grade 1 students were meeting or exceeding all of the learning outcomes. The student, who did 
not show a gain in applications, was already meeting expectations at the beginning of the study. 
That student remained at the same level of understanding of which operation to use to complete 
tasks. Table 26 revealed that one of the Grade 2 students was already meeting expectations for 
all of the learning outcomes, and the other student was weak at meeting them for most of the 
learning outcomes. At the end of the study, one student had reached mastery and the other 
student was meeting expectations for all of the outcomes. The assessment data leads me to 
believe that the applets lessons had contributed positively to the gains made by the students. 
Transcripts on video-taped lessons and surveys from Chapter 4, displayed in Table 28, 
Appendix E and Appendix F, reveal that all of the students commented positively on using the 
applets models. There were 4 7 positive comments and 18 negative comments made by students 
while they were working with the applets. Thirteen of the 18 negative comments were connected 
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to issues using the netbooks and were not directly related to the use of the applets models. All of 
the students really liked the images used on the 10-frames, and one of them, "loved" them. 
Students felt positively about learning mathematics using technology. One student said that he 
did not like learning mathematics because it took too long, but he liked learning mathematics 
using the computer and interactive whiteboard because it was faster. 
The virtual manipulative models were used to teach concepts in number sense that were 
different than some of the other lessons that were taught using pictures, stickers, drawing, 
concrete models, or combinations of models. It would be difficult to teach lower primary number 
sense strategies without using combinations of models hence the rationale for having lessons in 
clusters. Clustered lessons provided learners with the opportunities to learn how to use different 
models and strategies by applying them in many different ways. Learners use multifaceted 
approaches when developing concepts and these concepts are built up a little at a time 01 an de 
Walle & Lovin 2006). The teacher designed checklists were used to collect information on 
comparing the use of models. Data were collected on the time it took students to complete tasks, 
repeated practice, on- or off-task behaviours, and whenever they required help (see Appendices 
E and F for tabular data). It is challenging to directly compare the models used because they are 
often used in combinations with one another. The learning outcomes often require more than one 
model to be used because students are expected to know how to use strategies and models in a 
variety of situations using more than one approach. In addition, some are models are used for 
specific strategies and concepts. The Grade 1 students used the applets alone or in combination 
for 42% of the models (n = 68). Students required help 52% of the time (n = 117) when using 
the applets on the netbooks. The greatest occurrence of off-task behaviours took place while 
using the applets on the netbooks, 91% (n = 32). Off-task behaviours occurred while time was 
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spent on trouble shooting the netbooks. Repeated practice happened 36% (n = 509) while 
students were using the applets. Students enjoyed the images and found the models engaging. 
The Grade 2 students used the applets alone or in combination for 38% of the models (n = 48). 
Students required help 34% of the time (n = 81) when using the applets alone or with other 
models on the netbooks. The amount of off-task behaviours occurred 6% when students used the 
applets alone or in combination with other models on the netbooks. Off-task behaviours amongst 
the Grade 2 students were less when compared to the Grade 1 students. Evidence from the 
teacher checklists show some of the difficulties younger students experienced while using 
netbooks. The applet lessons are simple to use, but using them on the netbooks were at times 
frustrating for primary learners. Next I discuss the implications of the information that I obtained 
from this study. 
Implications 
I will consider information obtained from my findings in Chapter 4, and from the studies 
presented in Chapter 2 to examine the implications of using technology and virtual manipulatives 
in primary mathematics. I will discuss implications pertaining to constructivism approaches and 
the use of models, pedagogy, and meeting the needs oftoday's learner by using technology. 
Constructivism approaches and the use of models. According to Van de Walle and 
Lovin (2006), the learning of how to use models, and the models themselves are not the same as 
learning concepts. Once the learner knows how to use the models, they can use them to describe 
concepts as they are internally structured in the minds of the learners (Van de Walle & Lovin, 
2006). Concepts form over time as learners see the relationships between the models and 
concepts they represent (Van de Walle & Lovin, 2006). Proper use of models helps young 
learners develop their oral language skills; and in lower primary mathematics, it means students 
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are learning to use tenns such as "grouping", "skip counting", adding, subtracting, and "making 
groups of 10". A premise of using constructivism approaches in mathematics is that learners use 
proper terminology in conservations while they are learning the concepts (Van de Walle & 
Lovin, 2006). Later on, students use the same tenns to talk about their own learning and 
thinking of mathematics as part of their metacognitions. Students must also learn to master the 
recording of written symbols, and in lower primary that means learning to print numerals and 
signs correctly. Students require a lot of practice when learning to print and recognize the correct 
symbols to use. While using technology does require fme motor control, primary students do 
need further practice forming numerals and symbols using more traditional printing fonnats. The 
implications of using electronic rehearsal may help young students get the practice they need to 
develop their ideas using different approaches to solving problems. Electronic rehearsal reduces 
the amount of paper previously used to develop recognition skills, and in some cases, electronic 
practice can be more time efficient than using concrete materials (Hasselbring & Mendiburo, 
2011). Electronic models can sometimes offer representations in concepts that may not be found 
via concrete materials such as with patterning (Moyer, Niezgoda & Stanley, 2005). 
Implications from this study suggest the electronic models are mathematical tools that 
offer "hands-on approaches" that fonn promising practice using constructivism approaches. For 
example, students can practice skills that develop the strategies such as grouping items into fives 
or lOs electronically, orally skip counting the images, and recognizing the items symbolically by 
electronically recording how many lOs and ones there are. Web 2.0 Tools and other virtual 
manipulatives offer visually appealing and exciting ways to introduce models. They can be 
accessed online wherever available. Models are appearing as apps for use on mobile devices, and 
thus opening opportunities of using these tools on fonnats of other technological devices which 
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were not used in this study. All of the research studies conducted on the use of virtual 
manipulatives up to date reveals the ease of use of the electronic models by learners of different 
ages (Brooks, Lyon & Steen, 2006; Clements & Sarama, 2005; Heo, Suh, & Moyer, 2004, 2005). 
Another implication of using electronic models on interactive white boards is that they 
can make it easier to spark discussions about mathematics during lessons (Swan, Schenker, & 
Kratcoski, 2008). I am certain similar ease of bringing about conversations would occur while 
using similar technologies such as interactive projectors. 
Pedagogy. Pedagogy is the practice of teaching. Pedagogy is the organization or 
delivery of lessons, ideologies, and ways of teaching. There are implications that today' s 
pedagogy must include understanding the roles that technology plays in the lives, and in the 
education of students by their educators (Schrum & Levin, 2009). 
Another implication obtained through this study indicates that teachers must be trained in 
how to use technology effectively in their practice (Overbay, Patterson, Vasua, & Grable, 2010; 
Schrum & Levin, 2009). Teaching and learning can successfully include knowing how to use 
virtual manipulatives and technology in place of or along side their concrete counter parts in 
mathematics (Hasselbring & Mendiburo, 2011). Teaching mathematics to learners must be 
comprised of problem based tasks (Van de Walle & Lovin 2006). All concepts and procedures 
must be taught through problem solving (Van de Walle & Lovin 2006). Pedagogy employing 
student centred approach is considered a promising practice for enhancing students' learning in 
mathematics. Teachers' can use technology such as interactive whiteboards, interactive 
projectors, and V/eb 2.0 Tools, specifically virtual manipulatives to elicit opportunities for 
students to discuss and articulate their connections while they test out their ideas or solutions to 
the problems presented. (Figueira-Sampaio, Santos, & Carrijo, 2009). 
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Today's learner. There is no doubt that today's learners, especially the younger students 
are more tech savvy than ever before. Authors such as Prensky (20 1 0) and Tapscoff (1998, 2009) 
have been sharing research findings for many years. Results of combining technology and 
mathematics as teaching and learning tools have shown positive results (Sedig, 2008; Bolyard 
and Moyer-Packenham, 2006; Clements & Sarama, 2005; and Dwyer, Ringstaff, & Haymore, 
1994). There are many excellent electronic resources available for teaching and learning 
mathematics. Games using mathematics are common, and other virtual teaching tools are 
growing. Web 2.0 Tools offer many free or low cost tools, games, and more (Schrum, & Levin, 
2009). Virtual tools are still being studied by researchers around the world, and new tools are 
being developed for different areas of mathematics (Figueira-Sampaio, Santos, & Carrijo, 2009; 
Hasselbring & Mendiburo, 2011; Hwang, Su, Huang, & Dong, 2009). The implications are that 
electronic math programs are appealing to young learners, and their availability and use may be 
on the increase. For example, electronic books, especially math books are currently in their 
infancy, but may one day become the norm. Students may use their own digital devices to learn 
mathematical concepts at school, and at home. Next, I will use my findings to make 
recommendations for the use of technology and virtual models in mathematics. 
Recommendations 
According to the results presented in Chapter 4, all of the students enjoyed using 
technology in their learning of mathematics. The qualitative results found in Table 28 and 
Appendix G, show that all of the students enjoyed using the interactive white board during math 
lessons. They all enjoyed coming up for a turn. The only time they did not like using it, is when 
there were technical difficulties. I would recommend the use of interactive technologies such as 
interactive white boards and projectors for the teaching of mathematics as well as other subjects. 
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The images on interactive whiteboards are highly visual, and offer engaging ways for teachers to 
lead discussion that can deepen the learner's understanding. While interactive whiteboards are 
available in many classrooms, many do not seem to be used. I would recommend that teachers 
receive more training in using them through workshops and mentoring programs. 
By way of this study I have learned that my students preferred using laptops over using 
their netbooks. Qualitative results displayed in Table 28 and Appendix G, revealed that when the 
applets 10-:frame models were used by the students to build numbers up to 100 on the netbooks, 
students became frustrated and needed a lot of help because of the amount of scrolling they had 
to do to see the whole screen. In addition, static forces seemed to be building-up on the touch 
pads as students tried to scroll and click, causing issues with reading the screen. Once the 
students used the teacher laptops, they started commenting on how they would like to have 
laptops instead of netbooks because they were easier to use. I would recommend laptops over 
netbooks. I also would recommend that if netbooks are used with younger students, that the 
netbooks be used with a mouse. If using tablets with primary students, I would recommend 
purchasing ones with the largest screen space to reduce the need to enlarge the visual field. I 
would also recommend that the tablets be used with keyboards and perhaps mice. 
I believe that virtual manipulatives can be used along with or in place of many concrete 
materials in many areas of mathematics. Virtual models can be used in lessons the same way that 
their concrete counterparts are used. I believe that further research into relationships using 
experimental designs are required to determine if they can be more effective than concrete 
models. I believe that virtual manipulatives could be embedded in electronic math books and 
programs providing randomly generated guided practice using a problematic approach. I can 
envision a time in the near future when electronic math programs may be a popular choice in 
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classrooms. These programmes may employ a combination of online and software based 
technology. I would recommend piloting electronic math books as they become more readily 
available. In particular, books that require less paper and materials, but offer plenty of guided 
practice for developing strategies as required by the grade level learning outcomes. Next, I will 
share my reflections about using technology and virtual manipulatives with primary students. 
Reflections 
Through this study I have gained insight into some of the possibilities virtual tools and 
technology have for learners and teachers. I think that virtual manipulatives can be fun and 
effective tools for teaching and learning mathematics when used properly. Younger students can 
use them as well as older students. My students look forward to building concepts on their 
computers during independent practice, and they will often ask to do so when given a choice. 
I have been teaching for over 20 years, and I have used technology in some form 
throughout the years, but I will always remember the level of excitement among all of my 
students the first time I used the interactive whiteboard to teach a lesson in mathematics. My 
students still show enthusiasm using it during lessons. When I use virtual models on the 
interactive whiteboard, I find the discussions that I have with my students about their learning in 
mathematics professionally satisfying. 
Summary 
Chapter 1 stated the reasons I carried out this project which was to examine the 
effectiveness using technology and virtual 10-frame models in teaching of number sense lessons 
to Grades 1 and 2. In Chapter 2, I shared the research that has been conducted on the use of 
technology and virtual manipulatives in mathematics. In Chapter 3, I summarized the mixed 
methods I used to collect and display my data. In Chapter 4, I shared the data that I collected 
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using pre- and post-assessments, observation checklists, surveys, and lesson transcripts. In 
Chapter 5, I discussed the fmdings of this study and its implications. I have suggested some 
recommendations and I have reflected about my teaching and the learning of mathematics by my 
primary students. I have concluded that even with its limitations, the provided findings are robust 
in that using technology and virtual tools can be effective at enhancing learning for students. 
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Appendix A 
Letter of Parental Consent 
Dear Parents, 
I am conducting an action research study of my teaching methods and of my students' learning in 
mathematics using the Interactive whiteboard, the netbooks and various lesson approaches. This 
study is part of my Masters project. I would like to videotape number sense lessons using virtual 
images with the Grade One and Two students, and video tape each of the students at the end of 
the number sense lessons to obtain their opinions. In addition, I would like to make observations 
of all of the students while they are learning mathematics. Observations will be recorded in a 
journal format. The results of my study will be shared with two professors at UNBC and one 
other teacher from our school district. There is a possibly that my findings will be published and 
or presented to other educators. All of the students' names and the name of our school will not 
appear in the findings that I share in order to protect individuals' privacy. 
The purpose of this study is to find out the following: What are my students' opinions of using 
technology in their learning? How effective are the electronic lessons that we used? Are my 
students enjoying learning with the technology that is available to us? What types of technology 
is used at home, if any? How often is technology used at home for educational purposes? 
Please do not hesitate to ask questions about the study. I will be happy to share the fmdings with 
you after the research is completed. There are no known risks and or discomforts associated with 
this study. 
Thank you, 
Ms. H. Wight 
If you agree to allow your child to participate in this study, please complete the Home Survey 
Questions are return them to school along with this form with your child. 
I, agree to give my child ___________ _ 
permission to participate in this study. I realize that this information will be used for educational 
purposes. I understand I may withdraw my child from the study at any time. I understand the 
intent of the study. 
Signed--------------- Date ___________ _ 
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AppendixB 
Quantitative Student Attitudes Survey 
1. Did you like using the interactive whiteboard during the 10-:frame lessons? 
2. Did the electronic 10-frame lessons for numbers up to 100, help you understand about making 
groupings often? 
3. Did the electronic 10-:frame lessons help you understand about skip counting by tens and 
counting on? 
4. Did the electronic 10-:frame lessons help you understand about inequalities and equalities? 
5. Did the electronic 10-frame lessons help you understand the making tens strategies for 
addition and subtraction of numbers less than 20? 
6. Did the electronic lessons help you understand about looking for doubles? 
7. Did you like using the computer to practice using 1 0-frames? 
8. Do you like using the computer and other virtual lessons to learn other math concepts? 
9. Do you like using the computer to learn about math, more than some of the other ways we 
learned math concepts this year? 
1 0. Do you like learning mathematics? 
11. Did you find it easy to use the electric 1 0-frame lessons? 
12. Did you like the pictures used on the 10-frames? 
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Appendix C 
Qualitative Interview Questions 
1. How do you feel towards learning mathematics? 
2. We have been learning things in mathematics using concert materials, pencil and paper, and 
netbooks: What ways do you like learning mathematics? 
3. What do you not like about learning math? 
4. Tell me what you think about the use of the interactive whiteboard with mathematics lessons. 
5. Tell me how you felt using the virtual ten frame lessons on the interactive whiteboard. 
6. Tell me how you felt using the virtual ten frame lessons on the netbooks. 
7. What strategies are you learning about with the ten frame lessons? 
8. Do you think that learning ten frame lessons electronically is better or not better than using 
counters and paper ten frames? Why do you think this? 
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Appendix D 
Scoring Criteria for the Numeracy Performance Standards 
Scoring Criteria, The Numeracy PerfOrmance Standards, BC Early Numeracy Project 
Aspect ofNumeracy Items Key Scoring Criteria 
Number Skills 
Number Concepts 
Visual-Spatial 
1, 3, 4, 5, 6, 13 There are five levels beginning at one, no systematic 
grasp of number; two, using numbers to 1 0; three, 
familiar with two-digit numbers; four, comfortable 
with two-digit numbers; and five, can work with 
numbers to 100. 
7, 8, 9, 11 There are five levels that increase by conceptual 
approaches: one, no systematic grasp of number; 
two, counts all from one, needs a model; three, can 
count on, mentally; four, beginning to use grouping 
rather than counting by one's; and five, uses strategies 
involving grouping and known facts. 
2, 11 There are five levels that increase according to their 
use of mental abilities: one, no consistent use; two, 
recognizes and matches; three, uses visual memory to 
fmd and use shapes; four uses dynamic imagery to fmd 
and use shapes; and five, shows intuitive visual-spatial 
sense. 
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AppendixE 
Table 29 
Results of the Observational Data Collected for Grade 1, Number Sense 
(Observational Teacher Designed Checklists) 
Models: #of % Help % Questions % Time % Off % Repeated % 
Lessons Needed asked on task practice 
task 
Web2.0 10 14 13 11 5 11 74 12 0 0 80 16 
Tools 
Web2.0 5 7 11 9 9 20 73 12 0 0 17 3 
Tools 
and 
drawing 
Web 2.0 4 6 3 3 3 7 70 12 0 0 76 15 
Tools 
and 
pictures 
Pictures 6 9 13 11 3 7 28 5 2 6 70 1'4.:. 
Applets 10 16 22 19 1 2 107 18 0 0 93 18 
Applets 10 14 9 8 12 26 64 11 28 88 41 8 
and 
drawing 
Applets 4 6 11 9 3 7 9 1 0 0 14 3 
and 
pictures 
Applets, 2 3 7 6 3 7 23 4 1 3 24 5 
drawing, 
and 
ictures 
(continued) 
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Table 29 (continued) 
Results of the Observational Data Collected for Grade 1, Number Sense 
(Observational Teacher Designed Checklists) 
Models: 
Applets, 
drawing, 
and 
stickers 
Drawing 
Drawing, 
and 
pictures 
Stickers 
Concrete 
materials 
Concrete 
materials 
and 
pictures 
Total 
Mean 
#of 
Lessons 
3 
1 
2 
2 
6 
3 
68 
% Help 
Needed 
4 12 
1 0 
3 5 
3 0 
9 5 
4 6 
8.4 117 
8.4 
% Questions 
asked 
10 2 
0 0 
4 0 
0 0 
4 5 
5 0 
8.4 46 
3.29 
% Time % Off % Repeated 
on task practice 
task 
4 52 9 0 0 10 
0 9 1 0 0 6 
0 12 2 0 0 22 
0 16 3 0 0 20 
11 47 8 1 3 26 
0 22 4 0 0 10 
3.3 606 43 32 2.3 509 
43.3 2.3 36.4 
% 
2 
1 
4 
4 
5 
2 
36 
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Appendix F 
Table 30 
Results of the Observational Data Collected for Grade 2, Number Sense 
(Observational Teacher Designed Checklists) 
Models: #of % Help % Questions % Time % Off % Repeated % 
Tasks Needed asked on task praCtice 
task 
Web2.0 1 2 5 6 6 9 30 5 1 7 12 3 
Tools 
Web2.0 2 4 0 0 0 0 9 2 0 0 15 4 
tools and 
drawing 
Web2.0 7 15 5 6 2 3 69 12 2 13 79 20 
Tools and 
pictures 
Web2.0 2 4 0 0 1 1 9 2 0 0 10 3 
Tools, 
drawing, 
and pictures 
Web 2.0 3 6 8 10 8 12 50 9 3 20 4 1 
Tools and 
100 chart 
Pictures 7 15 16 20 5 7 78 14 0 0 54 14 
Applets and 1 2 11 14 3 4 43 8 0 0 50 13 
drawing 
Applets, 3 6 2 3 5 7 31 6 1 7 20 5 
concrete 
materials, 
and drawing 
(continued) 
143 
Table 30 (continued) 
Results of the Observational Data Collected for Grade 2, Number Sense 
(Observational Teacher Designed Checklists) 
Models: #of % Help % Questions % Time % Off % Repeated % 
Tasks Needed asked on task practice 
task 
Applets, 3 6 3 4 3 4 47 8 0 0 12 3 
concrete 
materials, 
drawing, 
and 
stickers 
Applets, 3 6 0 0 3 4 36 6 0 0 3 1 
drawing, 
and 
pictures 
Applets, 2 4 2 2 1 1 34 6 0 0 8 2 
drawing, 
and 
stickers 
Applets 1 2 0 0 2 3 21 4 0 0 8 2 
and 
pictures 
Applets, 2 4 4 5 4 6 15 3 3 20 10 3 
drawing, 
and Web 
2.0 Tools 
Applets, 3 6 5 6 9 13 21 4 2 13 40 10 
pictures, 
and Web 
2.0 Tools 
Drawing 4 8 8 10 7 10 26 5 0 0 34 9 
and 
ictures 
(continued) 
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Table 30 (continued) 
Results of the Observational Data Collected for Grade 2, Number Sense 
(Observational Teacher Designed Checklists) 
Models: #of % Help % Questions % Time % Off % Repeated % 
Tasks Needed asked on task practice 
task 
Flash 1 2 2 2 5 7 11 2 2 13 20 5 
cards 
Flash 2 4 6 7 2 3 15 3 0 0 6 2 
cards and 
pictures 
Mental 1 2 4 5 2 3 9 2 1 7 10 3 
math 
Total 48 81 68 554 15 395 
Mean 4.5 3.77 30.7 .83 21.9 
AppendixG 
Table 32 
Quantitative Evaluation of Sorted Codes 
Code Number 
1.100 
1.110 
1.111 
1.112 
1.113 
1.114 
1.115 
1.116 
1.117 
1.120 
1.121 
1.122 
1.123 
1.124 
1.125 
1.126 
1.130 
1.131 
1.132 
1.133 
1.134 
1.135 
1.136 
1.137 
1.138 
1.140 
1.141 
1.142 
Thematic Category 
Positive for technology 
I like it 
faster 
Can I have a turn? 
Can I try? 
fun 
Can I do this on the computer? 
Can I have a turn on the 
SMARTBoard? 
playing games on the SMAR TBoard 
Negative for technology 
problems clicking 
Dumb board 
re-calibrating 
battery is dead 
Can not get it to work 
Students were having problems 
scrolling on the netbooks, so I let 
them use the laptops. 
Positive for Applets 
fun 
Can I keep going? 
I like the butterflies 
Can I do this on the laptop? 
Can we do what we did yesterday? 
I like this 
Can I do some more of these? 
I love them 
Negative for Applets 
I lost the screen picture 
random questions sometimes bring 
up too many of the same type of 
problem 
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Number of Occurrences Percent 
84 27 
21 6.7 
3 .97 
7 2.26 
14 4.5 
13 4.2 
9 2.9 
10 3.2 
7 2.26 
74 23.9 
9 2.9 
2 .64 
32 10 
1 .32 
14 4.5 
16 5.1 
47 15 
10 3.2 
4 1.2 
1 .32 
9 2.9 
4 1.2 
12 3.88 
5 1.6 
2 .64 
18 5.8 
13 4.2 
5 1.6 
(continued) 
Table 32 (continued) 
Quantitative Evaluation ofSorted Codes 
Code Number Thematic Category Number of Occurrences 
1.150 
1.151 
1.152 
1.153 
1.154 
1.155 
1.160 
1.161 
1.162 
1.170 
1.171 
1.172 
1.180 
1.181 
1.182 
1.183 
1.184 
1.185 
Positive for Electronic tools 38 
trying out different features 8 
changing colours 7 
Can we use this again? 6 
Can I try? 13 
Can I have another turn? 4 
Negative for Electronic tools 20 
I can' t get this to work 9 
I lost it (screen) 11 
Positive for Concrete materials 11 
This is easy 4 
I like this 7 
Negative for Concrete materials 17 
Can we do this on the computer 3 
confusing 2 
computers are more fun 8 
Stickers are boring 2 
building large numbers takes a long 2 
time 
Total number of comments made 
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Percent 
12 
2.58 
2.26 
1.94 
4.2 
1.2 
6.4 
2.9 
3.55 
3.55 
1.2 
2.26 
5.5 
.97 
.64 
2.58 
.64 
.64 
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